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TURNING WITH EASE... 


ELECTRICAL 


One standard to follow in selecting a designer for your 
specialized electronic control systems is to choose a firm 
that builds its own components for the control systems 
it makes. Librascope, Inc. manufactures such diverse 
electronic components as read-record heads, drums, 
magnetic amplifiers, flip-flop cards, packaged circuitry, 


analog-digital converters and other devices for sub- 


Librascope also manufactures mechanical and 
optical components for computers and controls. 


Send for booklet describing the company. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORP 


LIBRASCOPE INC e 


BOB WESTERN AVENU 
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ELECTRONIC 


assemblies in its own military and commercial systems 
packages. This versatility of “turning with ease from 
one thing to another” indicates a competence for overall 
systems design acquired through nearly two decades in 
computer-control manufacture. Such highly specialized 
experience is available for the solution of your data- 


handling or computer control project. Inquire today, 


Engineers in search ueresting a ents, security, 


advancement ersonnel Director 


CALIFORNIA 
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“FOR THE ENGINE MANUFACTURING INDUSTRY — or for 
any industry! In this case the 

problem shown below concerns the development 
of a turbojet aircraft engine. 
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| em though you may not be in the aircraft 
engine business, chances are the problem set-up 
above may be similar to one facing you right now. 


But in any case, the big point is: 


GEDA—versatile analog computing equipment built 
by Goodyear Aircraft Corporation—can step-up the 
analysis and solution of difficult automatic control 
problems, can eliminate empirical “guesswork” for 
creative engineers and designers in ANY industry. 


Once you have programmed your problem on the 
GEDA problem board, wonderful things begin to 


happen in a fraction of the time it would take via 
conventional methods. 


The results are given to you in terms of wave forms 
and voltages—results that are easily translated and 
require no learning of specialized mathematics. 

A MAJOR ENGINEERING ADVANCE the GEDA line 
of equipment places at your disposal new engineer- 
ing tools of excellence and accuracy—with quality 
and flexibility bordering on an engineering revo- 
lution. Ask for the facts on GEDA— write: 

Goodyear Aircraft Corporation, 931GF, 
Akron 15, Ohio 


GED/\ ANALOG COMPUTERS —best way to give your hunch a chance! 


GOOD, YEAR AIRCRAFT 


GEDA-~—T.M. Goodyear Aircraft Corporation, Akron 15, Ohio 
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Operating costs cut, efficiency up 
when Magnolia adds Hammarlund COC” 


Ras 
To build a new truck-loading terminal out- 
The Problem: 


side the congested refinery tank area. 


7 The Multi-Gate system made unnecessary 
One Benefit: the use of an additional man during truck- 


loading operations. 
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The Magnolia Petroleum Company planned to build 
a new truck-loading terminal at its Beaumont, Texas 
refinery. They wanted it built outside the congested 
tank area. 


Separating the truck-rack from the tanks and pumps, 
however, would make it necessary to add an additional 
man per shift. Also, the operations at times—especially 
in bad weather—would have to wait for this man to 
move from one pump location to another. 


After installing the Multi-Gate remote control 
equipment, designed and furnished by Hammarlund, 
the truck-rack operator now has only to push a button 
corresponding to the type of fuel required. The remote 
pumps at the tank sites are activated and the required 
fuel is immediately obtained at the truck-rack. As a 
result, it was unnecessary to employ the additional 


*Trademarks pending on Centralized Operations Control and COC. 
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ha i 
The Answer: A Hammarlund push-button control system 


for turning the remote pumps on and off. 


pa past 


A Second r 
Benefit: 


a. 
These pumps at the tank site are controlled 


instantly and accurately from the loading 
terminal. 





man per shift, and it also eliminated the possibility of 
human error in telephone orders. 


According to John Petkovsek, Senior Engineer and 
Supervisor of Communications and Electrical for Mag- 
nolia, other benefits of the Hammarlund system were: 

1) Audio tones made it possible to perform many 

functions using a single telephone line, thus re- 
ducing the monthly rental costs. And without the 
dangers of DC pulses. 

2) The system can be extended any time without 

additional communication lines, or it could be 


operated over radio or microwave without! 
change. 


This is another example of the Hammarlund con- 
cept of Centralized Operations Control* at work. 
Write to Hammarlund, 460 West 34th St., New York 
1,N. Y. for details on COC. Ask for Bulletin CC-10 
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SHOPTALK 





IDEA HATCHING IN PHILLY 
Jim Reswick’s calm approach to dynamic analysis (see 

p. 50) was first aired to editors and friends in our Phila- 

delphia hotel room during last fall’s ISA conclave. 





Jim waved his 


POTENTIOMETERS =. 
hand to make a 


point. It caught. 
We rushed it into 
BS print. And two 
of our guests made & 
plans to try it in 2 
their plants. 


HARRY UNHARRIES US 


Covering control, we find, takes uncontrolled time, travel, 
and typing. Our ubiquitous editors have had little left for 
family and farm. But things now look bright for an occa- 


sional Sunday off. Harry Karp, formerly an engineer for 
‘Thomas A. Edison, Inc., joins us as Assistant Editor with 


TWO SEPARATE CIRCUITS 


this issue. His able head, hands, and overnight bag are a 


pao 


ly 
prereelde AND 
GENERAL 
The picture below almost captured our whole staff dur- 


;-- AIRCRAFT 
happy addition. 
INDUSTRY 
! | HAIL, HAIL THE GANG’S NOT QUITE HERE 
Designed for precise 
instrumentation in auto- 
matic control circuits for io way : 
aircraft, guided missiles ing a recent monthly editorial meeting. ‘This makes it a near- 
and general industry,BOURNS 
linear motion potentiometers 
accurately translate mechan- 
ical position or movement into ; ’ —— 

] . were O ‘ West Coast. 
two independent signals... ere on the est Coast 
one signal often used for 
feed-back control and the 
other for telemetering. 

This dual instrument possesses 
all the advantages of two single 
potentiometers and in addition, 
saves space, weight and instal- 
lation time. With this wire- 
wound potentiometer a 
resolution of .001 inch is 
obtainable in standard ranges 
from 1 to 6 inches. 
BOURNS designs and manufactures 
other potentiometer instru- 
ments which measure gage 
pressure, differential pressure, 
Seated from left to right: Editorial Assistant Sue Richmond; Editor’s Secretary Joen 
Promo- 


altitude and acceleration. 

Ciglar; Managing Editor Lloyd Slater; Editor Bill Vannah; Publisher Will Garey; 
Secretary Doris Hansen; Secretary Sal Swanda. Standing from left to right 
tion Man Harold Olson; Assistant Editor Ray Auger; Consulting Editor Gordon 


Brown; Consulting Editor Keith Henney; Ex-Staffer George Boehm; Consulting 


collector's item. Missing were By Ledgerwood and Con- 
sulting Editors Gene Grabbe and Marion Long. All three 


Editor Dave Rubinfien; Assistant Editor Ed Kompass; Production Manager Wally 


LABORATORIES | 
| Carmichael; Art Director Jack Gordon; Copy Editor Warren Kayes. 


6135 Magnolia Avenue, Riverside, California 
Technical Bulletin on request, Dept. 279 
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Navigation and Control Devices 


go for Missiles and Aircraft 


Kollsman has designed, developed and produced the fol- 


lowing navigation and control systems and components: 


FOR NAVIGATION OR GUIDANCE 


Photoelectric Sextants for remote semi-automatic celestial navi- 
gation. Flight tests in jet aircraft gave an overall geographical 


positional accuracy of two miles. 


; \SStFIED Automatic Astrocompasses for precise auto- 
matic celestial directional reference and navigation 


Photoelectric 


Photoelectric Tracking Systems For many years Kollsman has Sextant 


specialized in high precision tracking systems. 
Periscopic Sextants for manual celestial observations. 
CLASSIFIED \ Computing Systems to provide precise data 


for automatic navigation and guidance, operated 


by optical, electromechanical, and pressure sensing components, 





ko | | S m q n INSTRUMENT CORPORATION 


80-20 45th AVE., ELMHURST, NEW YORK « GLENDALE, CALIFORNIA « SUBSIDIARY OF Standard COIL PRODUCTS CO. INC. 


FOR CONTROL 
proven components 


now in production 


Pressure Pickups and 
Synchrotel Transmitters 
to measure and electrically transmit 
* true airspeed © indicated 
airspeed ¢ absolute pressure 
* log absolute pressure «¢ dif- 
ferential pressure * log differ- 
ential pressure °* altitude 
¢ Mach number °* airspeed 


and Mach number. 


Pressure Monitors — to provide con- 
trol signals for altitude, abso- 
lute and differential pressure, 


vertical speed, etc. 


Acceleration Monitors — for many 
applications now served by 


gyros. 


Pressure Switches — actuated by 
static pressure, differential 
pressure, rate of change of 
static pressure, rate of climb or 


descent, etc. 


Motors — miniature, special purpose, 
including new designs with in- 


tegral gear heads. 


SPECIAL TEST EQUIPMENT 


optical and electromechanical for flight 


test observations. 


Please write us concerning your 
specific requirements in the field 
of missile or aircraft control and 
guidance. 


Technical bulletins are available 


on most of the devices men- 
tioned. 
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MEASURE IT 
WITH A 
GIANNINI 
ACCELEROMETER 


Magnetically and hydrau- 
lically damped units avail- 
able. High outputs can be 
used to actuate recording, 
indicating or telemetering 
devices directly without 
amplification. Precious 
metal potentiometer coil 
and brushes used for long 
life and low noise. Unaf- 
fected by altitude or hu- 
midity. Will operate under 
conditions of high vibra- 
tion. Write for information. 


pi 
MODEL 
2417p “éS 


small, compact ghtweight. Oil 
Jamped, pressurized. Ranges 
2.5G to 20G. Resist 
ances 2000 ohms 
and 5000 
ohms 


Ranges 1G to 30G. Resistances 
1000 ohms to 20,000 ohms. 
inert gas filled or oil 
filled, single or dual 
outputs, linear or 
functional. 


Giannini 


G. M. GIANNINI & CO. INC. 


Airborne Instrument Division 


PASADENA 1, CALIFORNIA 
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FEEDBACK 


To THE Epiror— 

Dr. N. Minorsky’s Patent 1,436,- 
280, “Automatic Steering Device,” 
is really a remarkable document, with 
ninety-five claims. Look at the last 
page, particularly Claim 91. Every 
body infringed it while it was alive, 
and I think it deserves real comment. 

Albert F. Sperry 
Panellit, Inc. 
Skokie, III. 


We agree. Here is Claim 91: 

“The method of maintaining the 
conditions of relative movement of 
two elements constant, which con- 
sists in controlling the conditions in 
response to the extent of departure 
of the conditions from that desired, 
and to the values of a plurality of 
higher derivatives with respect to time 
of this departure.”—Ed. 


Whipping Post 


To THe Eprror— 

. I remind you that Control En- 
gineering does embrace the subject 
of mechanical controls and especially 


PROBLEM FORUM 


some of those highly specialized prod- 
ucts which have been developed but 
which scem to be overlooked in the 
editorial pages of your excellent pub- 
lication. 

Two parts in fun and one part in 
earnest I admonish you .. . to 
“broaden your scope” and pay some at- 
tention to mechanical controls, even 
though they may be the ugly duck- 
ling of the control family and lack 
the glamor and romance offered by 
some of the younger sisters of the 
family. 

Cameron Chisholm 

Teleflex, Inc. 

North Wales, Pa. 
As a start you will find in our May 
issue an article on mechanical means 
of generating control functions. ‘The 
article is by Prof. John Gibson, Yale 
University.—Ed. 


Reactor Rectifications 


l'o THE EprroR 
Your mention of ALCO’s award fot 
a locomotive power plant in your Feb 


Here is a measurement problem that should yield readily 
to the experience of our readers. Remember that we pay 


cash rewards 
solutions. 


Herr Apparatebau wants your 
help. He is seeking facts on 
flow integration. Can you sup- 
ply some answers? We'll sup- 
ply a cash prize for the best 
one. 


for interesting problems and outstanding 
This month’s winner—Number 5. 


lo tHE Eprror 
A flowmeter (rotameter principle) 

measures a flow rate. The measure 
ment is converted to a 0 to 30 my 
(100 ohms) signal. The problem is 
to determine the entire volume dur- 
ing an interval of time (for instance, 
during 24 hours) and to transmit to 
the integral to a recorder. What cir- 
cuits and meter types would be suit 
able? Keep in mind simplicity and 
reliability. 

Heinrichs Apparatebau 

Koeln-Lindenthal, Germany 
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ruary issue was in error. Actually, our 
award was for the Army Package 
Power Reactor, a land-based, atomic- 
driven electrical power plant, com- 
ponents of which can be transported 
by air to remote locations anywhere 
in the world. I am enclosing an ar- 
tists conception of APPR. 

Dana T. Hughes 

American Locomotive Co. 

Schenectady, N. Y. 


ALCO’s land-rooted, but air-borne reactor. 


l'o tHE Eprror 
On page 20 of your April issue you 
have an article on American Machine 
and Foundry’s claim to “the first pri- 
vate research reactor.” As early as 
last September we announced that 
Armour Research Foundation of II- 
linois Institute of Technology was 
building the nation’s first private re 
search reactor. You should have re- 
ceived a press kit with additional info. 
Work will begin in April on the 
reactor and it will be operating by the 
end of the year—much earlier than 
AM’s plans. 
Victor J. Danilov 
Armour Research Foundation 


Chicago, IIl. 


ARMOUR’S brings fission to midwest 


industry. 


Here we go again. A release in the 
mail to us last week says that the 
“world’s first industry-owned, nuclear 
materials test reactor will be built by 
Westinghouse Electric Corp., in Pitts- 
burgh.” Any reactions to this latest 
reactor?—Ed. 


South African Engineer 


lo THE Eyrror— 
“As a man taking an education in 
scrvomechanisms to a country whose 


Now...a new low-cost 
System for remote contro 
f “on-off” functions 


ERE’S an all-new patented 

remote control system that will 
operate any “on-off” functions from 
a central point and give “report 
back” indications as soon as the 
function has been completed. This 
new system has been thoroughly 
tested and proved during five years 
of research and development. It has 
been further proved by more than 
a year of actual operation on a 
major railroad application where it 
has performed perfectly. 


Simple, practical and efficient, 
this new system makes use of the 
multiplex principle. Any telemeter- 
ing carrier capable of transmitting 
7 or more impulses per second can 
be used. Circuit set-ups are easy to 
understand and operate, eliminate 
the need for highly skilled mainte- 


* 


Transmits up to SO controls 
and SO indications in one cycle. 


* 


Up to 40 controls available 
for every station in system. 


* 


Uses telemetering carriers— 
single unit has range of up 
to 100 - mile radius. 


* 


Field and office units inter- 
changeable — easy to install, 
operate and maintain. 


Cabinet size is 27%" x 22” x 
13”. Bottom panel—19"x 7” — 
reserved for standard carrier 
equipment. Unit illustrated is 
designed to handle 24 “on-off"’ 
controls and indications. 


nance men. Field and office units 
are interchangeable. The use of 
commercially available carriers 
eliminates the need for line batter- 
ies. Only three types of relays are 
used .. . and the number of relays 
required is minimized by the use 
of stepping switches. All major 
parts are of plug-in construction, 
easy to remove and replace. 

If you have a problem in remote 
control of “on-off” functions— 
regardless of the type of industry 
or application—this new system may 
be the answer. Initial cost of equip- 
ment and installation is compara- 
tively low. Maintenance expense is 
negligible. Usually this system can 
be superimposed over existing trans- 
mission media eliminating the need 
for new line wires. 


For complete information, write or call... 


ELECTRONIC SWITCH AND SIGNAL COMPANY 


TOwer 1-5470 
850 EUCLID AVENUE + CLEVELAND 14, OHIO 
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Test Made with Equipment 
Exposed to Full Range of 
W eather Conditions. 


Kearfott 
RDF Loops 
Exceed 
41,000 Hours 
Operation 





The Kearfott AS-313 Radio Direction Finder Loop and the 
[D-90 Indicators withstood continuous operation for 41,977 
hours. This is over 40 times the 1,000 hours required by 
Air Force specifications for Sealed Aircraft instruments. 


The ability of Kearfott equipment to operate long beyond 
requirements is significant. The same hermetic seal principle 
employed in the construction of Kearfott Loops is also 

used to impart dependability and long life to Kearfott Gyros, 
Computers and Packaged Servo Systems. 


The Kearfott organization is available to you to aid in meeting 
instrumentation requirements of modern airborne equipment. 


— Send for Technical Data Sheets 


KEARFOTT COMPONENTS 
INCLUDE : 
Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec- 
trical and electronic components. Send 
for bulletin giving data of components 


earfott 


of interest to you. 


ENGINEERS: 
Many opportunities in the above fields 


are open. Please write for details today. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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FEEDBACK 


industrial development is just getting 
underway :” 

(a) We are still building up a 
dynamic control and analysis labora 
tory . . . also an analog computer to 
be used to a great extent on servo 
problems. 

(b) Our publications have been 
intended to acquaint South African 
readers with the philosophy of auto 
matic control. 

(3) Your publication is still com 
paratively unknown here and still not 
available in the C.S.I.R. library. 

J. C. R. Heydenrych 

South African Council for 

Scientific and Industrial Research 

Pretoria, South Africa 
Mr. Heydenrych’s group has built an 
improved mass-spectrometer . . . “with 
a servo-system for controlling the elec- 
tromagnet’s speed of response and 
stability.” Indicative of their broad 
interests, they will soon publish (in 
a local journal) an article on an “au- 
tomatic and continuous weigher de- 
signed for and installed at a South 
African chemical factory.—Ed. 


Mill Control Minded 


lo THE Ep1iroR— 

In the March 1955 issue of Con 
rROL ENGINEERING there appeared a 
very fine article, “Automatic Mill 
Control,” by Mr. Carl Vossberg. 

I would like to obtain a textbook 
on steel mill controls and one dealing 
with paper and plastic mill controls. 
Could you supply me with the titles 
and publishers of books of this type? 

.. . Are there any periodicals deal- 
ing with the design, construction, and 
operation of various types of mills? 

John W. Leahy 

Wethersfield, Conn. 
We suggest that you investigate the 
following: 

1. “Magnetic Control of Indus- 
trial Motors,” G. H. Heumann, John 
Wiley & Sons, Inc., New York. 

2. Section 17, Industrial and Com- 
mercial Power, “Standard Handbook 
for Electrical Engineers,” Archer E. 
Knowlton, McGraw-Hill Book Co., 
Inc., New York. 

3. “Westinghouse Engineer,” par- 
ticularly the article, “Magnetic Am- 
plifiers in Industry,” Vol. 10, pp 201- 
205, Sept. 1950. 

4. “General Electric Review,” pat- 
ticularly articles by W. E. Beadle. 

5. The technical bulletins of Allis- 
Chalmers, Cutler-Hammer, etc. 

6. Watch for forthcoming articles 
in CONTROL ENGINEERING. —Kd. 









































































































































Cabled copper instrument tubing installed at Appalachian Electric Power Company's Kana- 
wha River Station. You see it at the point where the cable divides for run-outs to instruments. 
Note smooth, short-radius bends. 


108,000 feet of cabled copper instrument-control tubing 
helps keep Kanawha River Power Station humming 


Hundreds of air-actuated instruments are 
an important part of the instrumentation 
control network at the 430,000-kw Kana- 
wha River Station of the Appalachian 
Electric Power Company — part of the 
American Gas and Electric System. The 
size of the plant called for instrument 
tubing runs of up to 1,000 feet — with 
tubing cabled in bundles. For econom- 
ical stranding, the tubing was needed in 
unusual lengths — without joints. To con- 
serve space, small diameter tubing was 
needed. And ability to take short-radius 
bends without pinching was necessary. 

The 108,000 feet of Anaconda Seam- 
less Copper Tubing was supplied in 
1,000-feet lengths. Outside diameter was 
only 14-inch, wall thickness only .030”. 
Shown above are typical tube bundles 


as thev near terminal connections. 
Anaconda small-bore, thin-wall tub- 
ing is available in lengths up to 2,400 
feet. It comes in long coils on reels, or 
cut to your requirements. Capillary 
tubes, restrictor tubes, Bourdon tubes, 
special shapes, and fabricated tubes and 
parts for refrigeration and air-condition- 
ing are available in many different 
allovs. These include phosphorized and 
OFHC copper, the full range of brasses, 
3,003 aluminum, nickel silvers, and cer- 
tain special alloys. For more information 
about Anaconda small-bore tubes and 
special shapes ask any district sales office, 
or write direct to The American Brass 
Company, Waterbury 20, Connecticut. 
In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 5578 


697 


Some of the many sizes 
ind shape s of Anaconda 


Small-diameter Tubes. 


ANACONDA 


SMALL DIAMETER TUBES 
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because of explosion hazards... 


it'll pay you to look into § 


mercury relays 


Adlake relays require no maintenance whatever 

.--are quiet and chatterless...free from explosion hazard. 
Dust, dirt, moisture and temperature changes 

can’t affect their operation. Mercury-to-mercury 

contact gives ideal snap action, with no burning, 
pitting or sticking. Time delay characteristics 


are fixed and non-adjustable. 


The Adams & Westlake Company 


Established 1857 « ELKHART, INDIANA « New York « Chicago 


the original and largest manufacturers of mercury plunger-type relays 
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(PARENT AND ASSOCIATED REFINERIES ) 


J. G. Kerley is an example of the control engineer 
who literally rose through the ranks during the 
budding stages of process instrumentation. Now 
Senior Engineer for Instruments in the Manufactu 
ing Dept. (Refineries) of Shell Oil Co., he followed 
an upward path that little resembles the ones trod 
by today’s graduates of engineering schools. 

This is not Jim’s only achievement. He is also 
chairman of Shell Oil’s Measurement and Control 
Committee, a group of engineers whose function is 
to promote the use of measurement and control 
equipment in Shell Oil Co., its affiliated chemical 
company, and its Canadian associate. 

An honor graduate of Mississippi State in electrical 
engineering, Jim started his “professional career” as 
a mechanic’s helper at Shell’s Houston refinery 
during the depression year of 1933. He championed 
instrumentation so convincingly that in 1937 the 
refinery made him foreman of its first instrument 
department. Since there were no instrument men 
available within the company, he had to staff with 
pipe-fitters and electricians recruited from the main- 
tenance department and trained by himself. 

During 1937-38 Jim conducted two instrument 
schools at the refinery and after the outbreak of 
World War II he taught extension instrument 


courses at Houston under the auspices of ‘Texas A 
& M. Early in 1943, after ten years of in-plant 
instrument work, the refinery appointed him an 
Instrument Engineer. 

In January, 1945, Shell's top management set 
up the Measurement and Control Committee and 
called Jim to New York to be its chairman. ‘lhe 
Committee represented management's recognition 
of the need for instrumentation and automatic 
control. It has since been a vehicle to encourage 
instrument-consciousness in every phase of Shell's 
widespread operations, from exploration to market- 
ing. 

As chairman of the M&CC, Jim is contact man 
in the departments of exploration and production, 
crude pipe lines, manufacturing, products pipe line, 
and market. He disseminates information on new 
equipment, consults on experimental application 
problems, and administers the Committee. 

Sources of problems as well as information on 
developments are the refineries and operating field 
organizations, where new equipment is tried out. 
If a department needs a non-existent device, Jim’s 
Committee determines whether the device must be 
designed. If so, it turns the job over to the research 
section of Shell Development Company. 
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Operation of Plant-Scale Installations* 
DEMONSTRATES BENEFITS OF 
ELECTRONIC PROCESS CONTROL 


‘American-Microsen’ Electronic Process Control Installations Now In 
Successful Operation Have Proved The Reliability, Speed, Sensitivity 
And Accuracy Of This Modern Concept Of Process Instrumentation. 


This is the electronic process control system that 
now makes it practicable to utilize the capabilities 
of process equipment far more fully than ever before. 
Revealed in actual operation of plant-scale installa- 
tions are the much discussed benefits of this new 
approach to plant instrumentation. 


Used to measure, indicate, record and control process 
variables (pressure, differential pressure, tempera- 
ture, level flow, pH, gas analysis, etc.), these instal- 
lations exhibit every essential to improve product 
quality, increase operational efficiency and plant 
productivity. 

Only the ‘American-Microsen’ System provides: 
Lag-free signal transmission using the simplest communica- 
tion lines. 

Extremely fast, accurate measurements and control re- 
sponses — sensitivity impossible to duplicate in other types. 
Installation of all controllers in the instrument room any 
distance from the process — even 30 miles or more. 

High stability that permits use of narrower proportional 
bands. 

Freedom from dirt, leakage, freeze-ups and other transmis- 
sion line problems. 

Standardized control components interchangeable at the 
panel and plug-in components on each instrument. 
Adaptability — more than one input circuit can be fed into 
a controller for cascading or programming. 

DC signal that can be fed to potentiometer recorders, digital 
read-out systems, monitors, computers, etc., so that process 
and operational data are automatically reduced to quickly 
usable form. 

Flexibility — output signal can be fed in series to any num- 
ber of receivers, without impairing accuracy. Components 
can be mounted anywhere convenient to operating and 
servicing. 

Electrical circuitry makes possible unusual control and 
measurement functions not available in mechanical systems. 
Minimum installation or maintenance investment in trans- 
mission lines, air compressors, filters, pressure regulators, 
dryers. 

*Names and locations of ’ 

installations available Pp R °o Cc E Ss Ss A R E A 


upon request. 








THE ‘MICROSEN’ BALANCE, 


the ‘‘nerve center’ of Be a 
‘American-Microsen’ In- Fe 
struments, is a simple, §& . | | 


electro-mechanical servo- 
mechanism. It operates on 
the force-balance princi- 
ple to produce a high- 
level direct current signal 
that is not affected by 
any normal electrical or 
ambient condition. 
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. TRANSMITTER. Types to transmit measurements of temperature, pres- 
sure, differential pressure, liquid level, flow, pH, oxygen concentration, 
gas analysis, etc. 


. RECORDING SET STATION. Records on strip chart or card and com- 
pares the measured variable with the control point setting. Error signal 
is transmitted to the Controller. 


CONTROLLER. An electronic amplifier with simple feedback circuits 
to produce calibrated proportional, reset and rate control actions. 
(Rate action added by plug-in unit.) Resulting control signal is fed to 
the Manual Control Station. 

. MANUAL CONTROL STATION. Permits switching from automatic to 
manual valve operation during start-up or emergency conditions. Bump- 
less transfer from manual back to automatic operation is built into 
the instrument. Retransmits contro! signal to Electro-Pneumatic Valve 
Positioner. 


. ELECTRO-PNEUMATIC VALVE POSITIONER. Mountable on all standard 
pneumatically-powered valves. Transduces the signal to pneumatic pres- 
sure up to 25 psi to operate the valve with position feedback. 


Other components are available to meet your specific installation requirements. 


0.5-5.0 MA. 
Direct Current 


TWO-WIRE 115V.60 


TRANSMISSION 
3000 OHMS MAX. 


Step up quality of control and 
reduce the size and cost of your proc- 
ess equipment for a given through- 
put. Shorten check-out and start-up 
time. Avoid costly maintenance. For 
your new process control system, 
learn about ‘American-Microsen’ . . . 
its economic advantages today and 
in the automatic plant of tomorrow. 
Catalog 164 will give you the story. 


0.5-5.0 MA. 
Direct Current 


115V.60 


CONTROL om: EOS 





MAXWELL & MOORE 


INDUSTRIAL CONTROLS DIVISION 


Stratford, Connecticut 
MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS, INDICATING OR RECORDING SET STATIONS, 
CONTROLLERS, MANUAL CONTROL STATIONS AND ELECTRO-PNEUMATIC VALVE POSITIONERS. reso wate 


MAXWELL 


MANNING 
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WHAT'S NEW 


Tape-Controlled Machining 
Nears the Average Plant 


é 


Tape for Honeywell's automatic boring machine in background is being programmed 
by the punch-key operator. It will guide linear travel of the hydraulic slide (lower 
left in picture at right) and rotary motion of the central holding fixture. 


M-H REGULATOR CO. now 
bores gears automatically 


Long one of the prime vendors of 
automatic control, Minneapolis-Hon- 
eywell decided to try some of its 
medicine on itself. The result was a 
rewarding self-appraisal in ways to au- 
tomatically produce its automatic 
equipment—and a pioneer application 
of tape-controlled principles to a pre- 
cision boring machine. 

The initial step in Honeywell’s job 
of self-appraisal was to wean some of 
its top control engineers away from 
customer problems and turn them 
loose in the throbbing Minneapolis 
factory. What they saw convinced 
them that automatic control could 
also be preached—and_practiced—at 
home. The first tangible move was a 
new Automation Section in factory en- 
gineering with John Rudolph at its 
helm. 

Honeywell couldn’t lose. One of 
the first achievements of John’s group 
was an automatized boring machine 
that saves time and increases preci 
sion. And the potential for the sec 
tion’s tape-controlled system is so 
grand that the company has given it 
a new title—Machine Control Devcl- 
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opment Group—and now offers its 
double-barreled know-how to outsiders 
on a fee basis. 

The Honeywell system involves a 
standard four-spindle Excello precision 
boring machine modified with built-in 
electronic components and directed by 
a tape “reader’’ housed in an adjacent 
control cabinet. ‘To operate, an adapter 
ring slips on the machine’s rotary fix- 
ture, cutting tools mount on its four 
spindles, and the punched tape feeds 
into the “‘reader’’. ‘The operator then 
inserts the work and pushes a button. 
When the part is bored the machine 
stops. 

Hold coordinates and feed instruc- 
tions are punched into the tape by a 
perforating machine similar to a type 
writer. A tape can be programmed in 
five minutes and machine parts shifted 
within a half-hour. 

While this first borer only fashions 
shaft holes in precision instrument 
gears, Rudolph claims it can adapt to 
a variety of hold patterns and sizes. 
In any case, coordinate information 
is fed to the unit in 0.0001 in. incre- 
ments over its eight inch linear range 
and 0.01 deg over its 36 deg rotary 
range. And its accuracy is better than 
plus or minus 0.0005 in. 


John Rudolph feeds a strip of punched 
tape into the “reader”. The knobs be- 
low manually adjust linear travel of cross 
slide and motion of holding ring. 





... AND TO COME 


Sometime in late 1956 the wonderous doings pictured below will become reality. The 
top sketch shows Convair’s huge 200-ton tape-controlled milling machine and below it 
are the steps that show how digits apply from drawing to finished part. 


CONVAIR DIVISION plans its 
automatic milling machine. 


Tape-controlled aircraft production 

on Goliath’s workbench—is the aim of 
General Dynamic Corp.’s Convair Div. 
And the U.S. Air Force subscribes to 
this tall order. On March 27 it awarded 
a giant-sized $1,280,000 contract to 
Convair to design and construct the 
huge 200-ton, 1$-axis milling machine 
which should revolutionize aircraft 
manufacture. 

\ircraft engineers are frankly wowed 
by Convair’s grandiose plans. ‘The ma- 
chine will sit on a 20-ft bed with 10-ft 
clearances. It will have two vertical 
and two horizontal cutting heads—all 
able to operate at the same time. It 
will feature a rotary turntable with 
variable speed. And it will be able to 
make 18 different selective motions. 

One awed tool engineer summed it 
up: “We've been talking about devel 
oping a five-axis machine (we already 
have three-axis units). But this con- 
cept makes possible as many as 18 
different motions with one machine— 
an operation so complicated no human 
could do it and still maintain quality.” 

The elaborate automatic control 
svstem for the machine is based on de- 
velopmental work done at MIT, also 
under Air Force auspices. It involves 
the transfer of coded engineering di- 
mensions and formula into coded 
binary or digital numbers using 
punched cards or a keyboard. Fed 
this information, a computer trans- 
lates it into a punched-tape program. 
The tape then feeds into an electronic 
director which either runs the milling 
machine itself or produces a magnetic 
tape that will run it. 

Convair and Air Force planners be- 
lieve that the idea of running the final 
magnetic tape in a separate operating 
console may have many virtues. For 
one thing, it will free the computer- 
director for other activities such, as 
controlling rolling mills, — stretch 
presses, and profiling machines. For 
another, programmed tapes could be 
shipped around to run similar ma 
chines in other playts during an all-out 
war emergency. 

The giant machine will be as ver- 
satile as it is dextrous. It will cut all 
aircraft metals, including steels and 
titanium, to any shape within the sec 
ond degree curves of today’s airframes. 
This includes wing spars and con 
toured bulkheads. What’s more, the 


/ 
‘ 
a 


PLANNING 
V/ 


AUTOMATIC MILLING 


CONVENTIONAL METHOD 


machine will actually sink aircraft dies. 

After a cutting head has obeyed a 
tape command and completed its 
metal-shaping task, it will retract and 
another head will move into place. 
The bed will engage automatically and 
stop at tape command, and the turn- 
table will rotate until the part is fin- 
ished. 

Great economies are expected from 
the new production system. Prototype 
parts will be made quickly and easily 
and design errors corrected mathe- 


matically in the tape. If the prototype 
proves satisfactory, no retooling time 
will be necessary for the production 
airplane. And besides drastically cut- 
ting (by an estimated 85 per cent) tool 
engineering lead time, savings of $50,- 
000 or more in producing just one part 
are envisioned through elimination of 
families of tooling. 

The Convair machine and its con- 
trol system are expected to be produc 
ing in the company’s Plant II in San 
Diego by September, 1956. 
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WHAT’S NEW 


ON LAND on May | this Brush Elec- 
tronics wagonful of sound measuring in- 


struments started its nationwide tour of 
American plants. 


ON SEA this doughty Swedish freighter 
carried its own automatic enclosed screw 
conveyors to bulk cement in and out of 


its hold. 


IN THE AIR Convait’s spanking new 
F-102A was packed with control to fit it 
for all-weather duties. 


AND UNDERGROUND New York’s 
venerable, rattling, jampacked IRT subway 
line will soon get new zip with a $9.7- 
million automatic trafic control. 
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Control Spurs Progress: 
ON LAND, ON SEA, 
IN THE AIR and underground 


Spring 1955 seemed to fire control 
enginecrs to some bustling new goals 
in speed, efficiency, and precision. 

On land, automobiles and _ trains 
responded to the automatic age. Se- 
attle, Wash., traffic came under the 
influence of radar. A busy intersection 
was equipped with detector units over 
the traffic lanes. Microwave reflections 
from the tops of passing cars were fed 
into a computer which did a grand job 
of spacing the red and green lights. 
Moniarity was off resting his feet. 

In Connecticut, commuters on the 
New Haven Railroad got news that 
should make them happier about their 
lot. Alert President McGinnis signed 
up the road fora Teleregister electronic 
network that will handle up to 1,000 
reservations per hour. The magnetic 
drum system, fed by leased wired, will 
speed a prospective passenger with 
accurate holds on his space anywhere 
in the line. Snorting commuters can 
then move up and buy their ten trip 
ticket in time to make the 7:43. 

On_ sea, servo-operated stabilizers 
were rigged on several liners to reduce 
billiousness in Europe-bound = land- 
lubbers. But there were more practical 
nautical control developments, too. No 
one likes to haul cement out of the 
hold of a ship. So the Swedish engi 
neering firm of Nordstréms Libanor 
equipped three carriers of the Skanska 
Cement Corp. with neat systems of 


enclosed worm-screw conveyors to do 
the job. One man, making like a con- 
trol engineer before a handsome panel 
inside the bridge, can load a 1,500-ton 
cargo in four hours, discharge it in 
eight. Levels of all holds and con- 
veyor movements show up graphically 
on the panel. 

In the air at least a dozen new aircraft 
and missiles thrust for new speeds and 
performance—each a tribute to control. 
lhe USAF’s Hughes Falcon—the latest 
and “‘hottest’’ guided missile—zoomed 
aloft with guidance controls powered 
by matchbox-sized silver-zinc storage 
batteries that weighed only three 
ounces each. The tiny batteries, a 
product of Yardney Electric Corp. in 
New York, are rated at three amp 
hours. Incidentally, component size is 
important in the Falcon. This midget 
missile is only six feet long and 
weighs in at 100 pounds. 

But it was underground where the 
cause of humanity really was served by 
control. Anyone who has ridden New 
York’s IRT subway at rush hour will 
appreciate this: the city’s transit au- 
thority has awarded a contract to 
Union Switch and Signal Div. of 
Westinghouse Air Brake for an auto- 
matic trafic control system which 
“will increase service 25.5 per cent.” 
Crushed Gothamites may be 
amazed to find elbow under 
ground. 


soon 


room 





21.46 FULLY EXTENDED 4” TRAVEL ———— 


— 17.46 


MODEL 124-140 LINEAR SERVO ACTUATOR 


— 10.50 FULLY EXTENDED 1'2” TRAVEL ae 
_——_—__—_—__—_—. .9.00 —______— ae : 


MODEL 123-1208 LINEAR SERVO ACTUATOR 
FOOT, FLANGE OR TRUNNION MOUNTINGS TO SUIT MODEL 124-140 


Operating Pressure 200 to 3000 psi 
+ 2.00 inches 


PEGASUS Linear a 


valve pressure drop) .. 20 in./sec. 


5 b rvo Actu ato rs Position repeatability . .002 inches 


Natural Frequency 
(closed loop) 


For linear control applications, Pegasus offers industry 
a series of servo actuators of various capacities. 

Ram actuators Model 123, Model 124, and Model 125 
provide areas of approximately 1, 2, and 5 square inches, 
and strokes of 1.5, 4.0 and 4.0 inches respectively. Ram Z 
actuators of other areas and strokes are available on Ce 
special order. 

A differential transformer position pickup is mounted MODEL 123-120-B 
concentrically within the hollow ram shaft of each : 
actuator, and manifold mounting is provided to fit any Gperating Peamere 300 to S800 gal 
of the standard Pegasus servo valves. Stroke ..... + .750 inches 


The servo valves Model 120-B (%” spool), Model 140 ‘895 sq. in. 
%” spool), and Model 140-A-120-B (two-stage) pro- Velocity (1000 psi 
vide flow capacities of approximately 5, 10, and 20 valve pressure drop) .. 20 in./sec. 
G.P.M. at a valve pressure drop of 1000 P.S.I. Spool Position Repeatability. .0007 inches 
drive for these valves is through a hydraulic flapper 


‘ Natural Frequency 
boost from a force motor. 


(closed loop) 





Let us quote on your Linear Control problems. 


EGASUS LABORATORIES, INC. 3690 Eleven Mile Rd., Berkley, Mich. 


DESIGN AND MANUFACTURE OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


‘ 








Model 117-C Model 122-120-B Model 140-120 Model 109-F Model 123-120-868 Model 108-D 
Transmitter Amplifier Rotary Actuator Two Stage Valve Force Motor Linear Actuator Servo Amplifier 
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WHAT’S NEW 


An Iron Curtain Switch 
On Power Conservation 


According to “The Press and the 
Soviet Union”, a combination of two 
switches and a relay will save power- 
conscious production plants east of 
the Danube “millions of kwh annu- 
ally.” 

The switch-relay combination is de- 
signed to shut off power to lathes or 
drills when the work piece is removed. 
One two-position switch mounts at 
the end of the handlebar which op- 
erates the clutch between electric mo- 
tor and working tool. This one 
severs the power. But between this 
switch and the motor is a relay which 
restarts the motor so that it will have 
sufficient rpm when work again com- 
mences. Also, a quick-flipping switch 
is there to block power to the motor 
in an emergency. 

This invention, of Czech engineers 
Lindner and Vortuba, might also 
function as an information input on 
minutes spent at the samovar by 
idling lathe operators. ; 


COMPUTER ROUND-UP 
Gets Flying Canuks Home 





When a jet gets low on fuel it’s 
time to head for the nearest friendly 
airport. But radio and ground search- 
ing for position at supersonic speed 
can involve some frenzied—and often 


MOBILE MAPMAKER: Monroe Calculating Machine Co. 
created this rugged, caster-borne computer for the Army Corps 
of Engineers. Called Monorobot V, it’s designed to analyze 
terrain trigonometry and tap out map data right in the field. 
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fatal—minutts. RCAF pilots, aided 
by a Computing Devices of Canada 
invention, now can find a safe berth 
as easily as finding Toronto on a 
car radio. 

The new Position and Homing 
Computer, tested by RCAF, actually 
does look like a car radio—augmented 
by a circular display screen. The pilot 
selects an airport by pressing one of 
five push buttons. Two lines then 
flash on the display. Where they cross 
indicates the position of the airport. 
And a needle in the display shows 
how the plane is heading. The pilot 
simply banks his plane to point the 
needle at the crossed lines and zooms 
neatly into port. 

Not too much has been revealed 
on how this computer works. But it’s 
claimed to be independent of radio 
and unaffected by atmospheric noise 
or enemy jamming. And _ potent 
enough for some high priority scrutiny 


by the USAF and RAF. 


Computers Wax at Wayne 





Wayne University’s venerable (3- 
year old) computer center is due for 
a new spurt of growth. A brand-new 
endowment for the Detroit institu- 
tion’s busy facility will provide for 
more staff, additional analog equip- 
ment, and improved memory and in- 
put-output features for its Burrough’s 
UDEC. 


Besides its many engineering de- 


velopment and research contributions, 
Wayne’s center has done an epic job 
of supplying computer-trained people 
to industry. Over 500 students have 
taken credit courses in computers and 
their application and some 240 people 
from commerce have crammed at spe- 
cial Wayne sessions. Last summer 
160 neophyte computer operators con- 
vened in Detroit to bone up. 


Honeywell, Raytheon Join 





Digits 


Minneapolis-Honeywell Regulator 
Co. and Raytheon Manufacturing Co. 
will soon team their considerable 
know-how in electronics and auto- 
matic control to form the jointly 
owned Datamatic Corporation. The 
new operation, designed to engineer 
and market data processing systems, 
will headquarter in Waltham, Mass., 
with its own administrative _ staff. 
Honeywell will have a 60 per cent 
and Raytheon a 40 per cent interest 
in Datamatic. 


Code Library Coddles Clients 





Clients of Midwest Research Insti- 
tute’s active engineering service rarely 
gripe about their bill these days. Com- 
plex analysis and design jobs—while 
duck soup for the Institute’s well- 


Continued on Page 22 


FIRST 702 TO MONSANTO: The first 702 data processing 
system outside IBM’s own New York office was wheeled into 
Monsanto Chemical’s St. Louis plant last February 25. ‘This 
power supply regulator for the logic unit weighs 2,961 pounds. 





Over the twelve years that Fairchild has 
been making precision potentiometers — 
from our first unit (Type 736), on through 
the more than eighteen different types 
now in production — we have established 
and are carrying out a research and 
development program on new designs 
and materials, techniques and equipment 
that is constantly improving our 
potentiometer reliability. The results of 
this program are quickly applied to 
production units and these improved 
methods and designs are maintained by 
comprehensive quality control and 

type testing programs. 


how do you get it? 


Reliability in precision potentiometers resolves itself into three 
basic factors; longer shelf life, longer rotational life, and longer 
environmental life. Fairchild has increased the average shelf and 
rotational life expectancy of precision potentiometers far beyond 
usually expected life cycles, in one way, by compounding and 
using special potentiometer lubricants. Life expectancy and 
stability under abnormal operating conditions have been vastly 
increased through the use of precision-machined aluminum alloy 
case construction. Epoxy resin insulation, one-piece Paliney 
conductive springs and contacts, and precious metal alloy 
resistance elements, for certain applications, also contribute to 
increased life and functional reliability. Whether one or all of 

these factors of reliability are important to you, you'll do better to 
choose Fairchild Precision Potentiometers. For specific facts, 

write Fairchild Camera and Instrument Corporation, 

Potentiometer Division, 225 Park Avenue, Hicksville, 

Long Island, New York, Department 140-64C, 


—fAIRCHILD 


PEPCISION POTENTIOMETERS 
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the power transmission field... 
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WHAT’S NEW 





equipped computer laboratory — in 
valeed some costly technical man- 
hours in pre-computer programming. 
Midwest has now gotten around this 
by setting up a code library which 
contains computer instructions for a 
wide range of mechanical, electrical, 
chemical, and civil engineering prob- 
lems. ‘The client is only docked for 
the short time required to select and 
set-up the coded instructions plus a 
nominal per cent which is put toward 
further development of the code li- 
brary. 


. > : 
UNIVAC II UNVEILS INNARDS: 
Remington Rand Vice President John 
E. Parker and a comely assistant are 
looking at the new magnetic core ma- 
trix which is responsible for doubling 
the speed and capacity of the com- 
pany’s famous Univac. Background 
is the magnetic memory tank which 
the tiny core replaces. 


If the Shoe Fits—Record It 





In the near future the purchase of 
a pair of B. F. Goodrich shoes will 
end up on a magnetic storage drum— 
and another pair will be sped to the 
outlet to be worn by the next cus- 
tomer who likes that style. 

The prime mover behind _ this 
scheme is a new Teleregister electronic 
inventory contro] system in the Good- 
rich Watertown, Mass., plant. All 
styles and sizes on hand will reel off 
and on the drum as stock is produced 

Continued on page 24 
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Control Complete With Palms and Pedestrians 


These plants, in descending order, 
are projects of Vickers, Inc., Consoli- 
dated Engineering Corp., and Elec- 
tronic Specialty Co. Contrast the 
bold accoutrements with which Cali- 
fornia architects embellish — their 
sketches with the stark, strictly func- 
tional layout of the Vickers plan. This, 
an engineering and administration 


building to be built in suburban De- 
troit, will include a research and de- 
velopment lab in its 150,000 sq ft. 
The second, to embrace 120,000 sq ft 
in Pasadena, will house CEC’s Re- 
search Engineering and Marketing 
Divs. The third, in Los Angeles, in- 
cludes all divisions of Electronic Spe- 
cialty in its 20,000 sq ft. 





CONOFLOW Cylinder Conomotors 
now make possible a complete selection of 
FINAL CONTROL ELEMENTS 


CONVENTIONAL —Control Vaive 


One of the most conventional methods of controlling practi- 
cally any variable is to use a control valve to regulate the 
fluid stream on the discharge side of a pump or similar 
prime mover. This is, of course, a simple and obvious 
rs but frequently poses serious problems especially 
when handling extremely viscous materials, abrasive mate- 
rials, corrosive fluids, etc. One of the proved and accepted 
methods of hurdling these perplexing obstacles is to control 


at the source by positioning ..... Conoflow Series LB Control Val 
es ro ve 


..+++THE PRIME MOVER— mechanically 


In this manner the prime mover is actuated directly by the 
control instrument—eliminating the necessity of breaking 
into the line downstream to install a control valve. A most 
common method of accomplishing this is to control the 
pump speed by means of a mechanical variable speed trans- 
mission. Cylinder Conomotors are available as original 
equipment on a wide variety of drive units similar to the 
one illustrated here, including U. S. Electrical Motors, 
Sterling Electric Motors, Graham Transmissions, Reeves 
Pulley, etc. Many pumps have been adapted for direct control 
by using Cylinder Conomotors to automatically adjust pump 
stroke as in the Lapp Pulsafeeder and Milton Roy pumps. 
Cylinder Conomotor actuating In some cases it is more practical to control at the source 
variable speed drive (Link Belt) through electrical means by modulating -..-.. 


-.++-THE PRIME MOVER— electrically 


Conoflow EB Current Controllers operating from a 3-15 or 

other standard range pneumatic controller are available in 

over 200 combinations of electrical components for control- 

ling voltage, current, inductance, capacitance, resistance or 

other electrical values. A common approach to the regulation 

of fluid flow in this manner is to position the rheostat in the 

motor field or the armature circuit as a direct function of 

signal pressure, thereby regulating the speed of the D.C. 

shunt-wound motor driving the pump. On many applica- 

tions, variable speed transmissions and electric motors can 

be controlled from zero to full capacity offering a resultant 

control range that cannot be matched by conventional 

control valves. In installations involving large capacity 

equipment this — prove extremely important since it 

eliminates the needless operation of large centrifugal pumps 

running at constant sical wasting power by discharging Conoflow EB Current Controller 
against a stalled or greatly restricted head. positioning rheostat 


For additional information on Conoflow Cylinder Operators write for Bulletin B-50-2. 
cc s0°0 


oned, Tel Me)’ Muorel ite] 7 wereld, 


FOREMOST MANUFACTURERS OF FINAL CONTROL ELEMENTS 


2100 ARCH STREET. PHILADELPHIA 3, PA. 
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GENERAL PURPOSE COMPUTER 


uTiuity A stored program digital computer for the solution of the lengthy and 
complex mathematical problems encountered in industry and research. The G-15 per- 


forms all arithmetic and logical operations with unusual versatility. 
FLEXIBILITY An electric typewriter, photo-electric tape reader and a tape punch 


A are furnished as standard input/output equipment. Accessories such as magnetic | 
units, graph plotters and coupling units to permit use of punch cards are available. | 


tape 
CONVENIENCE Because the G-15 occupies only as much space as two standard 
filing cabinets, special facilities are not required for installation. The unit is mounted on 
casters and can easily be relocated. Input/output equipment can be installed adjacent 
to the computer cabinet or at a remote location. 
QUALITY Designed and manufactured by Bendix Aviation Corporation, builders of 


VS world’s finest electronic equipment. Every major airline and the Armed Forces depend 
upon Bendix equipment for communications and navigation where reliability and accu- 
racy are paramount. The same standard of quality is built into Bendix Computers. 


AVAILABILITY The G-15 is in quantity production which assures you of 
prompt delivery. 


ECONOMY Initial cost is the lowest of any comparable computer. Maintenance 
cost is lowest because of rugged built-in quality and plug-in construction. 


? “Bendix? Computer 


Bendix Computer Division 
5630 Arbor Vitae Street * Los Angeles 45, Calif. 


Please send information and prices on your G-15 Computers. 


Company 
Address 


| 
| 
| 
| 


WHAT’S NEW 


and used. ‘The system involves a 
continuous tabulated summary which 
will guide production and fill ware 
houses and store shelves almost as fast 
as they are emptied. Input data will 
come from a keyset in the warehouse 
and Flexowriter in the sales office. 
Actual flow of stock will be followed 
on the computer-actuated Inventory 
Display Board. 


Important Moves 
by Key People 


> William M. Pease, formerly director 
of the Servomechanisms Laboratory 
at M.I.T., and more recently manager 
of the Electronics Div. of Ultrasonic 
Corp., has been appointed vice-presi 
dent and general manager of Feedback 
Controls, Inc. 

> Robert E. Navin will concentrate on 
engineering activities of The Hays 
Corp. as its new assistant to the ex 
ecutive vice-president. He has been 
with Detroit Bevel Gear Co. for six 
vears. 


Navin named engineer-executive of Hays. 


> Ampex Corp. has appointed John V. 
Zuckerman manager of personnel and 
plant services and James I. Stultz head 
of a new Customer Relations Dept. 
Zuckerman will be assisted by Robert 
I. Cooper, supervisor of personnel re- 
lations; A. J. Wilson, Jr., plant engi- 
neer, and Harold E. Kren, head of the 
Office Services Dept. Stultz has man- 
aged the Field Service Engineering 
Dept. since 1952. 

> Reliance Electric & Engineering 
Co.’s recent acquisition of Reeves Pul- 
ley Co. has prompted these changes: 
appointment of Richard A. Geuder as 





EXPORT DIVISION: BENDIX INTERNATIONAL, 
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Illustration actual size 


. Weight — 11 ounces 
LV 
MOD pie En = 


PART NO. 


a 
MOOG VALVE CO., INC. 


EAST AURORA.N. Y 





On 67% Of Bombardment Missile Programs 
On 50% Of Fighter Aircraft Programs 





Many thousands of Moog Servo Valves are now in 
use in exacting applications on advanced aircraft and 
guided missiles. This widespread usage attests to Moog 
features of reliability and high performance which have 
gained for these units recognition as the industry 
standard. 

Now, these same features may be obtained in Moog’s 
new Dry Solenoid Servo Valves. These units, illus- 
trated above by Model 2000, feature a torque motor 
that is isolated from contact with the hydraulic fluid. 
The Dry Solenoids have been developed for those 











systems in which the fluid might otherwise contaminate 
the torque motor. They are even smaller and lighter 
than other Moog units of the same flow capacity and 
comply with requirements of MIL-H-5440A. 

Moog Servo Valves are proportional type, electrically 
actuated, hydraulic, four-way valves featuring high dy- 
namic response, sensitivity, linearity, small size and low 
weight. Production models are designed to operate in 
hydraulic systems of from 1000 to 3000 PSI pressure. 
Rated output flows from 0.1 to 50.0 GPM for control 
currents between 2.0 and 40.0 milliamperes as speci- 
fied are available in production units. 

Conventionally, valve input is from a balanced push- 
pull DC amplifier and valve flow output is applied to 
a piston or hydraulic motor. An electric signal propor- 
tional to piston position or motor angular rotation is 
fed back to the amplifier to give a closed servo loop. 


For details write for Bulletin 2000-2 


MOOG VALVE CO., INC. — IRPO! EAST AURORA, N. Y, 





| 
TIMETER 


bolves 
TIME-RECORDING 


problems! 





a 


HOURS 


TIMETER 


10 VOLT 60 CYCLE 


3.5/16” wide by 
3-5/8” high by 
2-5/8” deep. 

Black bakelite molded case. 


fe 


TIMETER automatically records op- 
erating time of electrically operated 
equipment; furnishes accurate rec- 
ords for time study, cost analyses; 
checks test runs, lamp and tube 
life; ferrets out lost man- and 
machine-hours. Operates _ inde- 
pendent of load. Rating: 100-125 
volts, 60 cycles, 2 watts, A.C. 
Transformer or -resistor supplied 
for higher voltage. Registers by 
10ths of hours or minutes to 999.9 
then repeats. Available up to 
99,999.9 hours or minutes. Re-set 
feature optional. Write for data, 
prices. 





TYPICAL APPLICATIONS 
Light & Power 


Motor Driven 
Stokers 
Presses 
Machine Tools 
Generators 


All types of 
production 
machinery 

Elevators 


CAPEWAY INSTRUMENT 
CORP. 


HIGHLAND AVENUE PLANT 
EAST BRIDGEWATER, MASS. 


 — 
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WHAT'S NEW 


ment of Edward E. Helm, sales vice- 
president, as coordinator of the mer- 
ger, and transfer of Frank B. Carr to 
Reeves as resident coordinator. The 
three men joined Reliance in 1924, 
1929, and 1952, respectively. 





Walters to key factory position at Taylor. 


> William M. Walters has been pro- 

moted from division superintendent 
| to general factory superintendent of 
| Taylor Instrument Cos., succeeding 
| the late Donald C. Lamb. He joined 
| Taylor in 1936 and was named to his 
most recent position in the Industrial 


Instrument Assembly Depts. in 1949. 


>C. E. Sullivan, general sales man- 
ager of The Foxboro Co., and a well 
known figure in automatic control, has 
retired. At the same time the com- 
pany made these top-draw appoint- 
ments in its sales department: C. C. 
Fuller to vice-president, H. O. Ehris- 
man to general sales manager and J. J. 
Burnett to field sales manager. Sulli- 
van, who will continue as a consultant, 
joined the company in 1908 when it 
was Standard Gauge Mfg. Co. Fuller, 
who will head a new sales product 
development committee, has been with 
Foxboro since 1920. Ehrisman, chair- 
man of a new sales policy committee 
to coordinate sales engineering and 
manufacturing, joined in 1936. He 
has specialized in control instrumen- 
tation for the paper industry. Burnett, 
who will supervise Foxboro’s 48 branch 
offices in the U. S., began with the 
company in 1925. 


> Edmund D. Gittens has been pro- 
moted to vice-president and chief en- 
gineer in the Arma Div. of American 
Bosch Arma Corp. Also promoted in 
the division: Clifton T. Foss to vice- 
president and general manager and 
Clarence H. Hopper to vice-president- 
manufacturing. Gittens, with Arma 
for 20 years, has been chief engineer 
since 1951. Foss’s service embraces 
21 years. He became vice-president- 


Arma VPs: Gittens, chief engineer, Foss, general manager, Hopper, manufacturing. 
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HUMIDITY CONTROI 
cd 
¢ 1] e HEAT CONTROL 
VUTIADIE SPCEa 
PRESSURE CONTROL 
SAVES MANPOWER 
IMPROVES PRODUCT 


INCREASES OUTPUT 





Now, by controlling speed with the Varitrol 
as a component of the U. S. Varidrive motor, 
speeds can be automatically changed in 
response to a signal without human attention 
for precision-control operations. At right is 
shown just one of the many ways in which 
Varitrol automatic control of U. S. Varidrive 
motors can be used for automatic production 
control. An educational booklet, edited by 
variable speed engineers, illustrates with 
applications this method of greater production 
of more goods and services at lower cost and 
astounding man-hour savings. Write today for 
your complimentary copy. 

















A Varidrive-operated pump runs at high speed with 
clean filter to obtain maximum flow. As filter clogs, 
pressure pick-up signals Varidrive which gradually 
slows down to limit filter back-pressure. When filter 
is clean, speed automatically increases. 


U.S. VARIDRIVE 
WTHLIARITROL 


@ Send for informative full-color booklet on Automatic Speed Control 














cr 
| U.S. ELECTRICAL MOTORS INC. 
P. 0. Box 2058, Los Angeles 54, Calif. or Milford, Conn. 


: ‘ Send Varitrol Automation Booklet No. 1882 
é o \ Send U. S. Varidrive Booklet No. 1797 


hi 
VARIDRIVE morons 


Name___ 


Company__ 


“i 
with us. 


| 
] Address 
| 


| ee 
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Do you 
think about 


Angular 


Acceleration? 


does... 


and uses Statham 
Angular Accelerometers 
to test 


Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from +1.5 to +3,000 rad/sec? four 
standard models are offered. 


Please request Bulletin AA2 
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| | WHAT’S NEW 


engineering in 1950 and that plus 
assistant general manager in 1954. 
Hopper, works manager since 1954, 
was with ACF-Brill Motors Co. for 
19 years. Kenneth F. Leaman was pro- 
moted to vice-president-manufacturing 
in the American Bosch Div. of the 
corporation. 

> Perry R. Roehm, a new vicc-presi 
dent of Norden-Ketay, will coordinate 
sales and product engineering. He 
comes to Norden-Ketay from The Bar- 
den Corp., where he has been vice- 
president and director. He also served 
as chief production engineer of Carl 
L,. Norden, Inc., and production super- 
intendent of the Navy bombsight fa- 
cility at Elmira, N. Y. 

> Sumner Ladd, factory sales engineer 
of General Controls Co. since 1953, 
has been named manager of the Indus- 
trial Controls Div. 


In-Stream Analyzers Spark 
Unique Acetylene Process 


At war’s end, American Cyanamid 
chemists latched on to I. G. Farben’s 
efficient but explosive process for mak- 
ing acetylene by burning oxygen with 
natural gas. But pilot plant studies 
convinced them that some drastic 
control innovations would be neces- 
sary for commercial production. Rou- 
tine laboratory purity analyses, partic- 
ularly, would have been too costly and, 
in view of the time delay, dangerously 
late for this critical process. 

The bold results of Cyanamid 
thinking can now be seen in the com- 
pany’s sprawling new $50-million 
petrochemical plant in Fortier, La. 

At Fortier, the purity of gas going 


Ladd pilots General Controls Division. 


Graphic control panel 
for the acetylene 
process at American 
Cyanamid’s new For- 
tier, La. plant is first 
to integrate in-stream 
infrared analyzers. 
Top and bottom tre- 
corders indicate acety- 
and methane 


concentrations. 


lene 


to the acetylene unit is continuously 
monitored by two in-stream Perkin 
Elmer infrared analyzers (see cut). The 
process operator studies these instru- 
ments to set the exact ratio of meth- 
ane to oxygen to the burners. This 
complicated routine—a function of gas 
purity, flow, and by-product require- 
ments—is now being dynamically an- 
alyzed with an eye to use of a com- 
puter and feedback control. 

Taking cue from the acetylene unit, 
several other in-stream analyzers are 
used at Forticr. One measures acety 
lene concentration to the compressors. 
Another, at the absorbing column, 
spots off gas down to 0.3 per cent. 
Two more, at purifying towers, meas- 
ure carbon monoxide concentration. 
Still another picks up any poisonous 
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Dont give up! Heres all you need ©} in coder to got 
the whole sory of how these Q@ee- MPB's < 


are solving problems in the design 
off precision insteuments 


CUT THE CALAMITY AND CUT OUT THE COUPON 


Miniature Precision Bearings, Inc., 9 Precision Park, Keene, N. H. 
YES! Please send me the reprint of the article, MINIATURE BALL BEARINGS 
FOR PRECISICN INSTRUMENTS 


name title company 


zone state 


street city 
5 ae ee PRECISION BEARINGS, INC., KEENE, N.H. 
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ROTARY ARMATURE |°*"" 


207 RELAYS 


by NORTH 


A subminiature rotary armature relay de- 
signed for a variety of airborne and guided 
missile applications where reliable operation 
in severe environment is required. 


 P 


Two form C contacts rated at 2 amps, 30 
volts, DC resistive. 


. Low capacity between contacts and 


ground. 


. The standard IR 207 relay meets the re- 


liability requirements under MIL-R-5757B. 


. For critical applications where more re- 


liability is required than is provided under 
MIL-R-5757B, North's ‘Special High Re- 
liability"’ hermetically sealed relays are 
now available. 


ik 207-8 
Bracket Type 
mounting equipped 
with 4 holes for 
4-40 screws 


Standard IR 207 Relay 
Internal Structure 


IR 207-C Type 
with standard 
octal plug base 


Detailed specifications available on request. 


s of Automotic Switching 


531 South Market Street, Galion, Ohio, U. S. A. 
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oxygen compound traces at the am 
monia unit. And two infrared analyz 
ers scout carbon gas traces at the 
caustic soda scrubbers. 

While only one in-stream analyzer 
now has a control role (reflux rate in 
purifying tower), many of these opera- 
tions may be handled automatically 
in the near future. 


MIT Lines Up Program 
In Numerical Control 


Machining by numerical control 
will be studied, observed, and applied 
at a special program for working engi- 
neers at MIT this summer. ‘The Aug. 
22-Sept. 2 sessions will be piloted by 
Prof. J. Francis Reintjes, director of 
the Servomechanisms Laboratory, with 
the cooperation of James O. Mce- 
Donough and other members of the 
numerical control group in the lab. 

Lecture topics will include princi- 
ples of information-processing with 
an eye to machine tools, numerical 
control systems and their machine 
tool applications, equipment design, 
designing for reliability, and manage- 
ment, operation, and maintenance of 
the tools. Sessions devoted to pro- 
gramming techniques will cover mathe- 
matics of programming, practical pro- 
cedures, and machine aids. 


AROUND THE 
BUSINESS LOOP 


Henry F. Dever 
Is New SAMA President 


Henry F. Dever, President of Min- 
neapolis-Honeywell’s Brown _ Instru- 
ments Div., was elected President of 
Scientific Apparatus Makers Associa- 
tion at its recent annual meeting in 
White Sulphur Springs, W. Va. 
Among other 1955-56 officers: R. E. 
Welch of W. M. Welch Mfg. Co., 
President Pro Tempore; ‘T’. M. Mints 
of E. H. Sargent & Co., Treasurer, 
and B. N. Bristol, President of The 
Foxboro Co., recorder-controller. 


> Sunshine Scientific Instrument has 
acquired from General Electric Co. 
the right to manufacture, sell, and serv- 
ice 18 testing and measuring instru- 
ments originally designed by GE’s 
Special Products Div. Sunshine Cata- 
log 101 describes the instruments. 

P At about the same time Consoli- 
dated Engineering Corp. acquired 
similar rights to four plant analysis 
and control instruments developed by 





Four minutes to carrier deck...three...two... 

home again! At supersonic speeds fuel reserves 

must be measured in minutes and seconds of 
flying time — not hours. And in jet aircraft 

that’s the job of the automatic fuel flow 
totalizer. Into these instruments go SYNCHROS 

which transmit data accurately to the cockpit. 
Because of their vital role, the Air Force 

demands synchros of the highest precision... 

and Norden-Ketay supplies them. 


VITAL TO JET AIRCRAFT 








NORDEN-KETAY 


oe IN CHEMICAL PLANTS, TOO 














Industry, too, is using syNcHRros. For example, 
the chemical, food, and petroleum processing 
industries use sYNcHROS in remote control 
applications to reduce operating costs and 
assure uniformity in their products. 


Look to Norden-Ketay {for 
SYNCHROS * SERVO MOTORS * DIGITAL CONVERTERS 
RATE GENERATORS * RESOLVERS * MAGNETIC AMPLIFIERS 
GEARS AND GEAR TRAINS * POTENTIOMETERS 
NAVIGATIONAL SYSTEMS * FIRE CONTROL SYSTEMS 
SERVO MECHANISMS * AIRBORNE INSTRUMENTS 
BOMB DIRECTOR SYSTEMS * AIR DATA INSTRUMENTS 
COMPUTERS * COMMUNICATION EQUIPMENT 
PRESSURE GAUGES. 


NORDEN-KETAY (CORPORATION 


99 Park Avenue, New York 16, New York 


RESEARCH & DEVELOPMENT LABORATORY: 
The Norden Laboratories, White Plains, N. Y. 


MANUFACTURING DIVISIONS: 
Precision Components Division, New York, N. Y. 
Commack, Long Island, N. Y., Hawthorne, California 


instrument and Systems Division: Milford, Connecticut 
SUBSIDIARIES: Nucieor Science and Engineering Corporation, Pittsburgh, Penn. 
: Vari-ohm Corp., Amityville, Long Island, N. Y. 
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News in X-Y Recording | wars ww 


Phillips Petroleum Co. for petroleum 
and petrochemical processes. Market- 
ing under the Consolidated label prob- 
ably will start this summer. 
| P Askania Regulator Co., which has 
taken over Heniz Engineering Co., 
will carry forward Heinz’ work in sys- 
tem engineering. Winfield B. Heinz 
joins Askania as chief engineer in the 
| Industrial and Special Devices Divs. 
> CDC Control Services has appointed 
a sales representative in France, 
French North Africa, West Germany, 
Italy, Luxembourg, Belgium, and the 
Netherlands. The firm is Exploitation 
de Produits Industriels of Paris. 
P With the acquisition by Texas In- 
struments, Inc. of Radell Corp., Ra- 
dell’s deposited carbon precision re- 
| sistors join the products of TI's 
| Components Div. John R. Pies, for- 
| merly manager of Radell, becomes 
| chief engineer. 
| P» Helipot Corp. will consolidate in a 
$2 million plant in Newport Beach, 
Calif., its manufacturing and adminis- 
trative facilities now located in various 
California cities. The California pay- 
roll is expected to increase from 600 
to more than 1,000 when the plant is 
completed. Expected time: mid-1956. 
Plants in Mountainside, N. J., and 
Toronto also are expanding. 
P Helipot’s “parent” corporation, 
Beckman Instruments, Inc., is in the 
news in its own right. Its Fullerton, 
Calif., plant was named by “Factory 
Management and Maintenance” as 
one of the ten most significant manu- 
facturing plants built in the U. S. in 
1954. ‘The Fullerton building was one 
of 500 submitted for judgment. 
| » The home of Sperry Corp.’s Elec 
| tronic Tube Div., designed for pro 
| duction of klystron and traveling wave 
tubes, has been completed in Gaines 
| ville, Fla. Installation of $2 million 
| worth of machinery in the $900,000 
| plant is under way and output is ex 
| 











pected to reach its peak by the spring 
of 1956. 
| P All the voting stock of Freed Elec- 
| tronics & Control Corp. now is in 














For use with Precision Analog Computing Equipment, Digital Systems, the hands of Fairchild Camera & In- 
Instrumentation, etc. strument Corp. Freed, as a subsidiary 

ERA Se ii ' , of Fairchild, will retain its separate . 

ariplotter Mode — Provides rapid (pen slews at approximately 20” per second) graphic ey ee acai 4 . 

recording of any data that can be reduced to electrical form. Same reliable sccuracy as the well: | identity, its officers and its personnel. 

known 205 series Variplotter. Ideal where compactness is essential without loss of speed or | J. A. Hewlett and C. L. Terrill, treas- 

performance. Designed for use in recording computer outputs (as with EAI 16-31R pictured above), : , . aie 

=e eo ~ with additional equipment — for Beane digital information from punch urer and vice-president, respectiy ely, 

wey or complete brochure write Department ce.gElectronic Associates, inc., Long Branch, of Fairchild, become treasurer and sec 


retary, respectively, of Freed. 
> The tide of acquisitions is running 








ELECTRONIC } | heavy. In another, Mag-Electric Prod- 
ettelab tate | CA! SETS THE a A C E | ucts, Inc., has taken over Mag-Electric 
; cane Eon Bee Network, Inc. All engineering and 
Stn production personnel have been re 











EQUIPMENT | 


LONG BRANCH, NEW JERSEY tained. 
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Experimentation is the first step in 
final development. This interesting 
corner of the new Climax Hydraulics 
and Experimental Laboratory at BS&B’s 
Tulsa plant is under the charge of 
experienced development engineers. 
ew Climax designs and improve- 
ments start here. 





+ al ae —— «© 
The finished control on the “torture rack. 
Meter runs flow test the valves up through 10”. 
Strain gavge equipment analyzes forces and 
stress under performance. Control pane! in back- 
ground regulates engines driving the pumps and 
registers how data for calculation. 


Pump manifolding for the 3 engine-driven pumps 
which will deliver up to 4500 gallons per minute 
at a 100 Ib. discharge for high volume tests 
Pumps can also be manifolded for series opera- 
tion, in which case 1500 gallons of water at 
300 Ibs. pressure can be delivered per minute 





There’s no question about a Climax Control giving the satisfactory ° 

service for which it is designed. That performance is tested and Climax Controls 
proven before the control goes into the field... checked for minimum a y d rau | i ¢c an d 
and maximum capacity. Flow, flow effects, valve characteristics and 

strain results are all evaluated by experienced engineers. Through 
the new BS&B Climax Control Hydraulics laboratory come a con- 
tinuing series of answers to the more efficient, safe and profitable 
application of automatic controls. One test suggests another, one 
application is adapted to a similar problem. The net result: Through 
research, better engineering, and accurate pre-testing, comes a more 
efficient Climax Control. 


Experimental 
Laboratory 


LACK, >IVALLS & ERYSON, 


Climax Controls Division, Dept. 4-ES6 
7500 East 12th Street * Kansas City 26, Missouri 


—) BSsB 
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_. new MINI-SLEUTH 


(MINIATURE RECORDER R1021-1) 


A PORTABLE laboratory type recorder which 
allows immediate visual analysis of data. 


WEIGHS ONLY 15 Ibs.— Light, compact, 
portable — Dimensions: 9'2”"x7%2"x 8” 


INEXPENSIVE 


MONITORING SYSTEM FOR 


ON/OFF SEQUENTIAL Sa 
RECORDINGS Secatesamidak Haluk diine-annitien 


poper chart provides direct writing on a dry, 
permanent record. Visible writing without ink 
or moving writing elements. Chart speed 
voriable from Ya" to 5” per second. 

The MINI-SLEUTH with its 212 writing 

styli is a new concept in instrumentation 

technique ...a mighty mite of versatility, 

flexibility and ease of application. 


The MINI-SLEUTH is a simple means of Radiation, Inc. fixed multi-style recording 
performing the heretofore complex prob- systems, featuring large data handling capa- 
lems of digital, analog and sequential bilities, help to economically simplify the 
data recording. It further offers expedient solutions to instrumentation problems in 
data reduction capability being performed Aircraft, Missile, Chemical, Mining, Petroleum 
during the recording process by visual and other industries. We invite you to submit 
or automatic techniques. your inquiries and application problems. 


WRITE FOR FULL DETAILS 


WRITE FOR CHARTS OF 
TYPICAL. APPLICATIONS 


PNUirelulehitemet-teltl-tala= 

@yer-igehivelamaatelalivel 
2) Production Sequence 

IMTaitemaatelaliiel 


(3) Automatic Cable Tester 


1) Digitol Recording RADIATION, Inc. 


Dept. 100 « P.O. Box #37 © Melbourne, Florida 
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HUEY 
AGS UPS 


MUIRHEAD & CO. LIMITED 
invite you to write for 


“MUIRHEAD MAGSLIPS” 


using your business letterhead 


This illustrated brochure describes 
typical MAGSLIP elements 
and gives details of their 


applications for 
REMOTE INDICATION and CONTROL 
SERVO SYSTEMS 
TORQUE TRANSMISSION 
SUMMATION and COMPUTATION 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 






































MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 


Sales & Service U.S.A. 


MUIRHEAD INSTRUMENTS INC - 677 FIFTH AVENUE - NEW YORK 22 - N.Y. 
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One of a series telling 

how the producing companies of 

General Precision Equipment Corporation 
ore contributing to America's progress. 








Griscom-Russell feed water 
heaters in a 125,000 KW 
public-uiility power station; 
save nearly 100 tons of coal 
per doy. Heoters handle 
flow of water exceeding 
2000 G.P.M. at 2500 
pounds pressure and steam 
extracted from the turbine 
at five different points; 
“train” of five units pre- 
heats water fed to boilers 
from 90° F. to 441° F. 


Askania multiple fuel boiler 
control panel in large steel 
plant; maintains metered 
proportion between com- 
bustion air and fuels—coke 
oven gas and fuel oil—for 
most economical combus- 
tion; holds steam pressure 
constant through all load 
changes and keeps furnace 
pressure at a safe and pre- 
determined value. 


General Precision Labora. 
tory's Industrial TY Cam- 
era, the ‘Bullet’; portable, 
easily operated; used to 
monitor and improve manu- 
facturing processes and to 
view hozardous industrial 
operations. 





— 





The highly advanced technological products designed and manufactured by the eighteen producing 
companies of General Precision Equipment Corporation serve more than a dozen major industries. 
Products of six of these GPE Companies—Griscom-Russell, Askania, Librascope, Link, Kearfott and 
General Precision Laboratory—have widespread application in the processing and power industries. 


Industrial Processing...and Power 


The Griscom-Russell Company is one of the coun- 
try’s largest producers in the fields of heat exchange 
and water distillation. It is the pioneer in heat ex- 
changer equipment—the key to the whole complex of 
modern industrial processing and power. For over 
seventy years, G-R equipment has been responsible 
for greatly increased efficiency and lowered operating 
costs in industry. 

Askania Regulator Company for a quarter of a cen- 
tury has been a leading developer in the field of regu- 
lators and controls, including components and systems. 
Its products are widely used by the power, steel, gas 
and coke, mining, chemical, petroleum, glass and 
paper industries—wherever great reliability and accu- 
racy are essential. 

Kearfott Company, Inc.; Librascope, Incorporated; 
and Link Aviation, Inc. produce a wide variety of 
precision instruments, computers, servos and other 
control components for equipment and systems used 
throughout the power and the processing industries. 
Industrial television equipment manufactured by 
General Precision Laboratory Incorporated, the sixth 
GPE Company active in these fields, is playing in- 
creasingly important roles in “seeing eye” monitoring 
operations in these industries. 

Each company in the GPE Group works in specific, 
highly specialized technical areas, as indicated in the 


@ Manufacturing 


chart below. Each of these companies, in addition to 
specializing in its particular products and fields of 
technical competence, has at its command, as required, 
the facilities and specialized techniques of the other 
GPE Companies in their respective fields. Interrela- 
tion is achieved through GPE’s basic operating policy, 
Coordinated Precision Technology. 

In the fields of research and development, GPE 
Coordinated Precision Technology permits a high de- 
gree of specialization in particular areas of competence 
and supplements such specialization by the applica- 
tion of techniques in other fields, as desirable. In the 
field of production, it makes possible a highly flexible 
application of facilities. This policy has been respon- 
sible for a diversified line of precision equipment of 
superior design and performance, covering a wide 
range of both standard and special uses. 

Perhaps the most conspicuous advantage of GPE 
Coordinated Precision Technology is that the concept 
and development of equipment, and of solutions to 
the underlying technical problems, are not restricted 
or distorted by traditional allegiance to specialization 
in a particular field. GPE coordination permits the 
engineers and technical personnel of each GPE Com- 
pany to seek the optimum solution for the customer 
within the total capacities of the GPE Companies as 
a group. 


@@@ Manufacturing, product development and research 


@@ Manufacturing and product development O@@ Pilot manufacturing, product development and research 
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General Precision Equipment Corporation 


92 GOLD STREET, NEW YORK 38, NEW YORK 


JUNE 1955 37 





Systems Development 
and 
The Ramo-Wooldridge Corporation 


The Ramo-Wooldridge Corporation (except for the 
specialized activities of our subsidiary, Pacific Semicon- 
ductors, Incorporated) is engaged primarily in develop- 
ing—and will soon start to manufacture—systems rather 
than components. For military customers our weapons 
systems responsibilities are in the fields of guided mis- 
siles, fire control, communications, and computers. Our 
non-military systems activities are in the general area of 
automation and data-processing. 

Emphasis on systems development has consequences 
that profoundly affect all aspects of an organization. First, 
it demands an unusual variety of scientific and engineer- 
ing talent. A single systems development project often re- 
quires concurrent solutions of challenging problems in 
the fields of electronics, aerodynamics, propulsion, ran- 
dom phenomena, structures, and analytic mechanics. 
In addition, the purely technical aspects of a systems 
problem are often associated with equally important non- 
technical problems of operational, tactical, or human 
relations character. 

Therefore, competent systems development requires 
that a company contain an unusually large proportion 
of mature, experienced scientists and engineers who have 


POSITIONS ARE AVAILABLE FOR 
SCIENTISTS AND ENGINEERS IN 
THESE FIELDS OF CURRENT 
ACTIVITY: 





a wide range of technical understanding and an unusual 
breadth of judgment. Further, all aspects of company 
operations must be designed so as to maximize the effec- 
tiveness of these key men, not only in the conduct of 
development work but in the choice of projects as well. 

At Ramo-Wooldridge we are engaged in building such 
a company. Today our staff of professional scientists and 
engineers comprises 40% of the entire organization. Of 
these men, 40% possess Ph.D. degrees and another 30% 
possess M.S. degrees. The average experience of this 
group, past the B.S. degree, is more than eleven years. 

We believe the continuing rapid growth of our pro- 
fessional staff is due, in part, to the desire of scientists 
and engineers to associate with a large group of their 
contemporaries possessing a wide variety of specialties 
and backgrounds. It is also an indication that such pro- 
fessional men feel that the Ramo-Wooldridge approach 
to systems development is an appropriate one. 

We plan to continue to maintain the environmental 
and organizational conditions that scientists and engi- 
neers find conducive to effective systems development. 
It is on these factors that we base our expectation of 
considerable further company growth. 


Guided Missile Research and Development 
Digital Computer Research and Development 
Business Data Systems Development 

Radar and Control Systems Development 
Communication Systems Development 


The Ramo-Wooldridge Corporation 


Dept. CE, 8820 BELLANCA AVENUE; LOS ANGELES 45, CALIFORNIA 
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PACKAGED PRECISION 


MEASUREMENT 


Stanley Home Products, Inc. checks Freon losses as 


Two tiny SR-4° Load Cells weigh 
200,000 lb. tanks automatically 


Baldwin’s “‘Packaged Precision 
Measurement,” neatly solved the 
handling of large volumes of Freon 
at the Stanley Home Products plant 
in Easthampton, Mass. A constant 
record of stored and used quantities 
was needed to avoid excessive leak- 
age and evaporation losses. 
Continuous automatic weighing 
of their two 15,000 gallon storage 
tanks with Baldwin SR-4 Load Cells 
answered Stanley’s problem _per- 
fectly. Two small SR-4 compression- 
type 50,000 Ib. load cells were in- 
stalled as supporting members on 
the concrete base at one end of 
each tank. These support exactly 
half the load of the 200,000 Ib. 
tanks and the instruments are cali- 
brated to read only the weight of 


Eddystone Division 


BALDWIN - LIMA=- HAMILTON 


the Freon in the storage tanks. 

Reinforced flexible hose at inlet 
and outlet eliminates effect of con- 
necting piping on weighing accuracy. 

This Baldwin system gives Stanley 
weighing accuracy within % of 1% 
of scale (200,000 Ibs.). Baldwin-en- 
gineered instrumentation provides 
remote indicators at the tank car 
siding and recorders at a centralized 
control panel. The weighing system 
controls a motor-driven pump at 
the siding, shutting it down auto- 
matically when the tanks have 
13,500 gallons of Freon. 

Packaged Precision Measurement 
can solve similar problems for you. 
For detailed information on SR-4 
Device applications and instrumen- 
tation use coupon today. 





Baldwin strip chart recorders on wall (lower photo) 
show rate of consumption of Freon. Recorders are 
connected by electrical cables to SR-4 Load Cells 
under one end of 15,000 gallon tanks on other side 
of wall (upper photo). 


Dept. 3365 
Baldwin-Lima-Hamilton Corp. 
Philadelphia 42, Pa. 


(In Canada: Peacock Bros., Ltd., Montreal, Quebec) 
Please send me the following new literature 


[_] Bulletin 4300 (Introduction to SR-4 Devices) 

(] Bulletin 4301 (SR-4 Load Cells and Load Beams) 

(] Bulletin 4302 (SR-4 weighing of tanks, bins, hoppers) 
[_] Bulletin 4306 (SR-4 Fluid Pressure Cells) 


Nome 
Company 
Address 


City 





WHAT’S NEW AT BRISTOL 


FIRST instrument system 
BASIC GRAPHIC-PANEL 


It’s BRISTOL’S new metagraphic 
instrument system 


A WIDE SELECTION: For example, there are 
35 receiver and 34 controller models and 
the widest variety of transmitters on the 
market. A model can be found among these 
that will exactly meet any requirement. 
FULL PLUG-IN SERVICE: Change recorder to 
an indicator or vice versa in 10 seconds 
with ABSOLUTELY NO INTERRUPTION WHAT- 
SOEVER TO AUTOMATIC CONTROL. 

Pull complete chassis out (one piece 
chassis — no tools required). With chassis 
removed you get the same automatic 
control as before. 

Change from one model to another or if 

trouble is suspected in a plug-in unit, the 
doubtful unit can be replaced by a spare 
while the suspected unit is checked in the 
service shop — out-of-service time is thus 
eliminated. 
CONTINUOUS VALVE POSITION INDICA- 
TION on same instrument scale as set point 
scale, gives continuous data on control 
valve position— makes “bumpless” transfer 
possible, simply by matching pointer posi- 
tions — no need to read actual scale values 
— minimizes reading errors — speeds 
operations. 


Oe 
R Ot 
SET-PO' 


3) AUTOMATIC 
CONTROL 











3-15 PS! 








MEASURING 
TRANSMITTER 


CONTROL ENGINEERING 


METAGRAPHIC TRANSMITTER 


SUPPLIED IN A VERY WIDE VARIETY OF SPANS 
AND RANGES: For example, absolute pressure 
instruments are made in ranges as low as 5mm 
mercury absolute. Pressure instruments as low as 
5 inches water to 10,000 psi. Over-range protection 
available up to 400% over range. 

STANDARD BRISTOL MEASURING ELEMENTS ARE 
USED — high torque, wide-angle travel gives power- 
ful, positive operation. Very sensitive — as little 
change as 0.03% of range, including reversal. 


METAGRAPHIC INSTRUMENTS MEASURE, RECORD, 
INDICATE, AND AUTOMATICALLY CONTROL 


Pressure Liquid Level 
Vacuum Flow 
Absolute Pressure Temperature and 


Differential Pressure Mechanical Motion 





that carries out 
idea completely! 











RECORDING RECEIVER: CONTROLLER 


Also furnished as an Indicator Plug-in Flexibility 


NO INTERRUPTION WHATEVER TO AUTOMATIC VARIETY AND FLEXIBILITY: The most flexible and 
CONTROL when receiver chassis is removed. The complete line of controllers offered — 34 different 
chassis of a Metagraphic Receiver is plug-in con- models, including the following variations: 
struction and can be changed from a recorder to an 
indicator or back in a matter of 10 seconds. 1. Remote set-point 4. Plug-in receiver 

2. Integral set-point (with mounted 
OFFERED FOR UP TO 3 MEASURED VARIABLES or without air-loading) = 5 piug.in pipe or surface 
— with air pressure regulators or air-loaded regu- 3. Pipe-connected mounted 
lators — three-position manual-automatic transfer 
valves for automatic control and six-position (on 
the same knob) transfer valves for cascaded control. 


6. Five models of control action as follows: 
a. On-Off 
b. Adjustable proportional 

c. Adjustable proportional plus reset 

d 

e 


ALL MEASUREMENTS ON SAME SCALE PLATE: . Fixed proportional plus reset 
Deviation of pointers shows at a glance conditions . Proportional plus reset plus rate 
of control — no need to read scale. (derivative) 


Se eee Lee ee 


Write for our product data sheets. The Bristol 
Company, 101 Bristol Road, Waterbury 20, Conn. 
6.5.2 


) BRISTOL'S 
POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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New improved measurement of 


LOW FLOWS WITH VARYING VISCOSITY 
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AS A RESULT OF TAYLOR’S 
BROAD EXPERIENCE WITH 
QUADRANT EDGED ORIFICE 


HE Quadrant Edged Orifice is the result 

of considerable effort to find a primary 
element suitable for low Reynolds number 
flow measurement. This type of flow is en- 
countered when viscosity is a factor both in 
magnitude and variation. The orifice edge 
has a rounded approach on its upstream face 
making it practically insensitive to viscosity 
changes so long as the throat Reynolds num- 
ber does not exceed 250,000. For all prac- 
tical purposes it has a constant coefficient 
over the Reynolds number range of 5000 to 
250,000. Calibration curves are therefore 
unnecessary—standard square root charts 
can be used even on low flows. This constant 
coefficient characteristic permits the use of 
an integrator in the recorder or a planimeter 
with the charts. 


Our experience has shown that unusual ma- 
chining skills are required to produce this 
type of orifice satisfactorily—the edge con- 
tour being extremely important. If you have 
flow measurement problems that could bene- 
fit from the use of this Quadrant Edged Ori- 
fice, we suggest you submit them to Taylor 
for analysis and recommendation. Meantime 
write for technical bulletin to Taylor Instru- 
ment Companies, Rochester, N. Y., or 
Toronto, Canada. 


Instruments for indicating, recording and controlling 
temperature, pressure, flow, liquid level, 
speed, density, load and humidity. 


Taylor Luslruments MEAN ACCURACY FIRST 
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INDUSTRY’S 
PULSE 


Will Legislators Probe Control? 


Members of Congress may soon get their feet wet in auto- 
matic control. Hint of this came more than two months ago 
when the Congressional Joint Economic Committee listed 
“automation” for future study by its economic stabilization sub- 
committee. And now the project seems almost a certainty. 

The big impetus came last month in Washington in a 
crowded, one-day conference conducted by the CIO Committee 
on Economic Policy on “the meaning and implications of 
automation.” 

CIO timed its Washington session superbly. It came just a 
week after start of contract negotiations with Ford and General 
Motors over the guaranteed annual wage (GAW)._ It also coin- ClO Puts It 

g eed a ge 
cided with return of congressmen from their Easter recess. And On the Line 
the panel included a stellar senatorial speaker: Joseph 
O’Mahoney, who steered the New Deal’s temporary National 
Economics Committee, and who is now a member of the joint 
Senate-House group that is planning the probe. 

Behind the conference was an implicit challenge. If Manage- 
ment won't accept the economic responsibilities (GAW and 
permanent lay-off compensations), then the unions will take 
their problems to Congress for hearings and legislative action. 

But not all speakers or guests were quite sure how dire the 

economic facts are. The unions’ mixed feelings were best sum- 
marized by Communication Workers’ president Joe Bierne. 
“We believe,” said he, “in automation. We welcome automa- 
tion. We encourage automation. But we do not do these 
things with our head in the sand.” Bierne then let CIO hair 
down. “Sometimes,” he blurted, “we get the idea that engi- 
neers have no knowledge of human feelings. Our strong views 
are emotional because we look at people first.” 

Senator O’Mahoney was all for heads out of the sand at a 
national level. “If automation is to turn workers out on the 
streets,” he cautioned, “public policy dare not ignore it.” A 
Congressional study would make certain that “automation 
would be a stabilizing and not a disturbing element in the Senator asks: 
national economy.” Is Control 

But the meeting was not merely a platform for union views. Stabilizing? 
In fact, summations by guest expert Don Campbell rebutted 
these views. 
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Adjustable throat of wind tunnel 


Control board and amplifier 


One of the 48 servo amplifiers 


ELECTRONS. INCORPORATED 
127 SUSSEX AVENUE 
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-..- INDUSTRY’S PULSE 


“The scientific theories which can guide us into an entirely 
new era of production and service capability as a nation are 
proved,” lectured MIT’s Campbell. But, he warned, “in spite 
of the new technology there may be a limitation in our engineer- 
ing capacity to produce. Many of our plants and processes are 
so outmoded that automatic controls cannot be installed on 
them. ‘To engineer new plants and processes takes many, many 
hundreds, even thousands of engineering man-years of work. 
I see no rapid impact of automation on the labor force of the 
U.S. In fact, I urge you to get it going as rapidly as possible 
so that old-fashioned industries and outmoded operations can 
improve their competitive position.” 

Engineer Campbell also lit into the statistics on production 
VS. employ ment which some union men were citing. One cita- 
tion: a 65 per cent increase in steel production, with a 10 per 
cent decrease in total employment. “But how much replace- 
ment was there downstream? And who built the machines?” 
asked Campbell. 

The fact that differing interpretations can be placed on the 
same data should serve to pinpoint as well as prompt the forth- 
coming congressional study. Such questions might be asked: 
Is labor in total really displaced? What about new technical 
man-hours and expanded distribution? How necessary is auto- 
matic control to future security and well-being? 

However, many cynical Washington observers already look 
for a committee report more preoccupied with political nuances 
than objective evaluation of a great new technology. They 
believe it will echo this finding of the temporary National 
Economic Committee: 

“Thus, productivity itself—probably the outstanding gain 
from the economic application of technology—has been 
harnessed to the interests of a relatively small number of 
recipients of capital income, to the disadvantage of consumers 
and workers and to enterprisers and investors excluded from easy 
access to new technical discoveries.” 


Campbell Stresses 


Engineering 


JUNE 


OS 


nl innannnnnnnd 





1955 





j...CONSOLIDATED == —~ 
| SAFETY RELIEF VALVES — 


Peak performance ... positive valve action assured ... even 
where discharge lines are long, or low “superimposed” back 
pressure exists in the relieving system. 


“Two-In-One” design, improved performance...the new Consolidated 
Safety Relief Valve is the result of over 4,000 flow tests in 5 years at 
West Edmond, Oklahoma. At the A.S.M.E.-approved testing station there, 
natural gas is available in flow capacities up to 35,000 cfrn and pressures 
up to 500 psig. The A.S.M.E.-approved conditions, apparatus, and pro- 
cedures permitted Consolidated engineers to test-develop and prove 
the full range of valve sizes and pressures in both Standard and Bellows 
designs. 


Interchangeability is so highly developed that the majority of Consolidated 
Standard Valves can be converted to the Bellows design, in the field, 
simply by installing the bellows. Each type has fewer functional parts 
than other comparable safety relief valves. Standardization of inlet and 
outlet center-to-face dimensions permits interchangeability with a large 
proportion of the valves of other manufacturers. Incorporated is an 
optically-ground flat seating surface that contributes to easier, more 
economical maintenance. 


You can have the absolute protection and real economy of the thoroughly 
tried and proved Consolidated Safety Relief Valves for your plant today. 
Both Standard and Bellows types are available in sizes and pressures 
to meet requirements of the most advanced processing facilities. Write 
for full details. Ask for Catalog 1900. 


CONSOLIDATED =2.:-- VALVES 
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STANDARD VALVE has an 
eductor tube that holds the 
pressure in the valve bonnet 
to approximately atmospheric 
pressure; thus only the force 
of the spring controls the 
valve. Valve action is im- 
proved and stabilized... 
repetitive flow capacity is pro- 
vided ... a new high in opera- 
tional dependability is as- 
sured. Even under repeated 
popping of the valve, set pres- 
sure and blowdown are con- 
sistent. The valve will open to 
full capacity at 3% overpres- 
sure regardless of the position 
of the adjusting ring. 
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Certified and Approved 
Both Standard and Bellows Valves are 


Unfired Pressure Vessel 


Codes, Unfired 
are certified by the National Board of Boiler and Pre 


~ 


BELLOWS VALVE is like the 
Standard but has a durable, 
two-ply stainless steel sealing 
bellows which effectively iso- 
lates from the valve’s work- 
ing parts any contaminants, 
corrosion, or viscous fluids. 
The bellows is balanced with 
the seating surface: set pres- 
sure of the valve is not af- 
fected by back pressure, 
whether constant or variable. 
Consequently, smaller dis- 
charge piping can be used, 
thus reducing the cost of pres- 
sure-relieving systems. 


A PRODUCT OF MANNING, MAXWELL & MOORE, INC. 


TULSA, OKLAHOMA 


MAXWELL 





MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF 
VALVES, ‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, 


Watertown, Mass. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. “SHAW BOX" 
AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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BUILDING-BLOCK 
CONSTRUCTION 


. . . an exclusive Reeves design 

principle that permits assembly of 
computer elements in any desired 
combination to form exactly the 
computer necessary to do a particular 
job or to expand an existing installation. 
REAC 400 can be assembled, component 
by component, to fit specific requirements 
at minimum cost, time, space and effort. 
REAC 400 is completely adaptable to the 
scope and complexity of your control 
problem, now or in the future. 


REAC ; Precision 
Analog Si % Floated 
Computers GYROS 
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Vow. HIGH SPEED SERVOS 


Servo multipliers have bandwidth over 
50 cps. Velocity 1500 v/sec; accelera- 
tion 60,000 v/sec*. Six gang pots; two 
tapped with front panel plug-in turrets 
for function generation. 


Vow HIGH SPEED RESOLVERS 


Vastly improved dynamic performance 
...35-cycle bandwidth. Rectangular and 
Polar operation; Full AGC either mode. 
Front panel plug-in turrets for easy pad- 
ding for function generation. 


Vow. PROBLEM CHECK 


New Reeves development permits 
verification of problem solution directly 
from equations before problem is run. 


Operation of all components used 

Patching of problem from diagram 

Diagramming of problem from 
equations 


checks 


Hew. CONVENIENT PATCHBAY 


Available in units of 1632, 3264 or 
4891 holes for maximum flexibility. 
Color-coded mask aids in patching. 
Patchboard changes possible during 
operation. 


Vow POWERFUL AMPLIFIERS 


New dual amplifier chassis, individu- 
ally chopper-stabilized. Noise less than 
3 mv rms in cabinet. Phase shift 0.025° 
@ 100 eps. Bandwidth 10KC under 
cabinet conditions. 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 


209 East 91st St., New York 28, N. Y. 





Precision SERVO 


RESOLVERS and MECHANICAL 


PHASE SHIFTERS PARTS 
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Needed: 





Technicians 





Abroad 


We are an American industrial publication and most of our readers live and 
work in the United States and Canada. But a surprising number ply control engi 
neering beyond the borders of this continent. ‘There is significant difference in letters 
we get from near and from afar. 

Domestic feedback is clear cut. We are assured that the American frontiers of 
control are in development and application engineering. Appropriately, our editorial 
scope parallels the new and projected training of American engineering societies: 
we are concerned with interpreting the theories of automatic control into engineer- 
ing principles for the broadest possible application. 

Letters from overseas, however, are troubled. In most of western Europe the 
advance of industrial activity and the problems incident to control are much like 
those in America. But in countries that are undergoing an industrial awakening, 
the situation is far different. In these countries control engineers constitute a small 
minority. Yet they are outspoken pioneers. Many have studied in the United States 
and in England. They say their problem is not in development and application, but 
rather in the urgent need for technicians and maintenance men for their installations. 

From Norway we hear, “The lack of trained technicians is right now felt as a 
great obstruction to further automatization. Among other things, varied selection of 
instruments and controls is needed to give the technician the necessary practical 
instruction. This would be remedied effectively if industrial control companies in 
the U.S.A. would cooperate in sending a traveling school to Europe. ‘The school 
would make publicity for a more extensive use of controls and it might consequently 
prove to be a sound inv estment.” 

Our Norwegian correspondent makes a constructive proposal. Basic training 
for technicians and mechanics in the United States is well established. In-company 
training programs, manufacturers’ schools, society clinics, trade school courses — 
all offer sound means for upgrading the ambitious technician. Control engineers in 
America can pursue their opportunities at the engineering frontier with assurance 
that there will be well-qualified technicians to operate and service the controls they 
develop. The same could be true in Norway, South Africa, and elsewhere. 

Who would set the necessary machinery in motion? UNESCO? Point Four? 
Scientific Apparatus Makers Association? The basic ingredients—years of background 
experience in training technicians—are here in abundance. The next step is for some 
alert agency to bring them together and “package” them for export. 


THE EDITORS 
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Determine 


HERE’S A BASIC CONTRIBUTION 
TO THE ART OF DYNAMIC ANALYSIS: 


System Dynamics— 


Without Upset 


J. B. RESWICK, Massachusetts Institute of Technology 


THE GIST: The first step in constructing a mathe- 
matical model of a control system is to determine 
the dynamic characteristics of its operating com- 
ponents. Usually this is difficult to do analytically. 
So the designer resorts to experiment. He disturbs the 
component or ‘‘plant’’ with sinusoidal variations or 
sudden steps and impulses and records the response. 

While the disturbance-response technique has 
had considerable success, it has two practical 
drawbacks: 
p> It usually disturbs the system enough to upset its 
equilibrium. This can mean off-quality product in 
a plant or poor performance in a system. 
> Often, variations caused by effects other than 
the one under study may obscure the required 
information. 

For these reasons many investigaters (Y. W. Lee’, 
Levinson’, Tustin*, and Lewis®) have studied ways 
to extract the needed information without distur- 
bance. The concepts involved — impulse response, 
convolution, and correlation — are presented step- 
by-step in this article. But the article goes one step 
further: it describes the Delay Line Synthesizer, a 
new tool which operates on the auto-and cross-cor- 
relations of input and output data to determine dy- 
namic relationships quickly and easily. 

Using his Delay Line Synthesizer, Author Reswick 
publishes the first practical application of this new 
method of dynamic analysis to a production proc- 
essing plant. His ASME paper' applies the method 
to the human operator. 
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THE APPLICATION 


Figures 1 and 2 describe the test set-up, a refinery 
distillation column and its automatic controls. And 
the input-output data are presented as actually 
derived during test. 

In the system, reboiler outlet temperature is held 
constant by a controller automatically valving the 
amount of steam supplied. Column pressure is 
controlled by regulating the flow of cooling water 
to one of the two parallel condensors on the over 
head product. 

Without disturbing column equilibrium in any 
way, a high speed recorder makes synchronous 
records of: 
> Stem position of the valve on the steam supply 
to the reboiler 
> l'cmperature on a tray one-third of the way up 
the column 

‘he chart section shows 8-1/2 minutes of the two 
records. The temperature variation is small, and 
is subject to random steps. The valve stem position 
oscillates at a relatively ) high frequency. A mean 


Legend 


FC -— Flow controller 

PC —-Pressure controller 
TC-TJemperature controller 
LC—Leve/ controller 


curve, drawn by eye, averages out the oscillation for 
the purpose of correlation computations 

For the full story on how the method and its 
tools are developed and applied, and for the import 
ant results of this weighting function study, dig into 
the following article. 


THE METHOD 


IMPULSE RESPONSE—An impulse is the limiting 
case of a large disturbance of very short duration. A 
unit impulse is defined as one for which the area 
under the curve of magnitudc¢ vs. time equals unity 
in a given set of units. Figure 3 (a) shows schem- 
atically a unit impulse as input to a component of 
a control system, and Figure 3 (b) shows the 
corresponding output. Strictly speaking an impulse 
is the limiting case of the pulse shown in Figure 3 (a) 
as Ato. In practice, however, an input with small 
but finite At and unit area gives an output almost 
identical to the response to a true unit impulse. : 

For anv linear system, the impulse response h(t) is 
defined as the response of the system to a unit 
impulse starting at time ft o. If the impulse 
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‘Time sequence representation of impulse response. 


response is known, the response of the system to 
an impulse of any other strength is in simple 
proportion. ‘he response to an impulse at any 
other time is found simply by shifting the time 
scale. For computational purposes, h(t) is conven 
iently represented as a time (or number-in-time) 
sequence of ordinate values, each separated by a 
time interval T sufficiently small to retain the 
essential character of the response. ‘Thus, Figure 
3 (c) evolves from Figure 3 (b) and equation (1) is 
written in sequence form. 
h(t) = T/2h(O), Th(T), Th(2T) ~*~ Th(kT 

= ho, hi, hg> >> hy I 
The impulse response of any stable system becomes 
arbitrarily close to zero after a finite length of time. 
Hence a finite sequence of this form can always 
approximate the h(t) of a stable system. In this 
sequence the general term h, represents the response 
at time (t+nT) to a unit impulse applied at time t. 


Convolution In The Time Domain 


To determine the response of the system to an 
arbitrary input m(t), approximate m(t) by a 
sequence of impulses, separated in time by the inter- 
val T, and each equal in strength to T times the 
corresponding ordinate of m(t). Accordingly, the 
response c(t) can be written in series form as the 
sum of the responses at time t due to all the 
individual past values of m(t). Thus: 


k 


yy rami — nT) 


hom(t) + him(t — T) 


+ hom(t — 2T) +°°* + hem(t — kT) 


so that, the response at particular time, t,, is 
k 
c(t) Yam — T) 


= h,om(t:) + him(t: — T) 


+ hm(t — 27) + + hym(t, — 
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and at to, 


k 


= yrm t —hT 


hom(t) + him(h — T) 
> 


+ hom(t, — 2T) +°*+ +hem(h — KT) (2b) 
l‘igure 4 shows that the impulse response is plotted 
backwards or “folded back” on the input in the 
process of computing c(t) by this means. For this 
reason, the process is known as folding or convolu 
tion. Since the output at time t is essentially a 
weighted sum of past input values, the impulse 
response when used in convolution is called a weight- 
ing function. 


K quation (2) becomes exact when T approaches 
0. It is then known as the folding or convolution 
integral. ‘The operation on a unit step input in 
Figure 5 further illustrates the way in which the 
process of Equation (2) works. 

Figure 5 essentially implies that once the co- 
efficients of Equation (2) are made equal to the 
incremental heights in the approximated step 
response, the actual response will be produced when 
the input m(t) is made a step. Since the operation 
is entirely linear, it must produce the correct response 
for any input. It is significant that while the impulse 
response is defined only at discrete points in time, 
both the input and output are defined continuously. 
Figure 4 indicates this, for no restriction is placed on 
the interval between t, and t,, at which time the 
computation is illustrated. 

Thus, the impulse response not only completely 
describes the system’s dynamic characteristics, but 
may be used as a transfer operator* to calculate an 
output due to any arbitrary input. It thus ranks with 
the common operational form of a differential equa- 
tion or the transfer function, both of which de- 
termine the output due to an arbitrary input. 
* The term transfer operator designates any operational form 


relating an output to an input. See Ref. 1 for more detailed 
definition. 





Indeed, these transfer operators are equivalent. 

Actual computational schemes based on_ these 
ideas have been proposed by many investigators, 
including Tustin‘, Lewis®, and Paynter’. In most 
of these schemes, the input and output, as well as 
the weighting function, are expressed as number 
sequences or equivalent graphical representations. 
Suitable interpolation functions are often added to 
produce continuous time solutions. 


Discovery of the Weighting Function 
(De-convolution) 


When time series represent an input m(t) and an 
output c(t) a set of k equations of the form of 
equation 2 may be formed. ‘The h,, coefficients are the 
unknowns. Any noise or deviations in c(t) not caused 
by m(t) makes the set of equations almost impossi 
ble to solve directly. 


INPUT 
m(t) 


Correlation Functions and Significance 


It is possible ': *- *- * to transform the input-output 
records into forms that make the discovery of weight- 
ing functions much easier. Auto- and cross-correla- 
tions do this. ‘They are curves which retain informa- 
tion on that part of an output due only to a given 
input, and take on shape characteristics. 

The auto-correlation of the input m(t) is defined 
as the average value of the product of any two values 
of m(t) separated by the time interval r. Figure 6 
shows how the auto-correlation is determined at 
various time intervals. Symbol 4,,,, (7+) denotes 


auto correlation, and a_ bat averaging 1 


denotes ging 


Pmm(T) m(t)m(t +r (3) 


When + = 0 and the curves are not displaced, the 
value Of ¢mm is the mean square value of m(t)— 
the maximum value ¢m, (7) may have. As the 
curves are displaced either to the right or left, the 
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Convolution in the time domain—computation of output at: (a) time t,, (b) time ts, (c) time ts. FIG. 4 
































a) At time t, b) At time t, 


Determination of step response 


by using the weighting function. 


c) At time t, d) At time t, e) At time t, 


The incremental 


heights in the approximated step response equal the constants in equation 2. FIG. 5 
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d) Typical auto-correlation function 


variations begin to cancel each other so that as +r 
becomes large, ¢mm(7) becomes constant at a value 
which is the square of the average value of m(t). 
(See Figure 6(d).) With the axis chosen so that 
the average value of m(t) = 0, mm (7) becomes zero 
at large values of +. ‘These remarks apply, only, to 
random variations. If a regularly varying frequency 
component is present in m/(t), it will also appear 
with the same frequency in ¢mm (7). 

The cross-correlation of the input m(t) with the 
output c(t) is defined as the average value of the 
product of the value of m(t) at any given time with 
the value of c(t) at a time +r seconds later. The 
process of forming the cross-correlation is similar 
to that shown in Figure 6 except that the lower 
curve is now the output c(t). The solid line of 
Figure 11 shows a typical cross-correlation curve. 
Using ¢m- (7) for cross-correlation, this is written, 

dme(t) = m(te(t +7) (4 

Of the various possible devices for computing 
auto- and cross-correlations, the most convenient is 
an automatic digital computer. This is primarily 
due to the diverse forms in which data are eon- 
tinuously recorded. <A large number of closely- 
spaced ordinates of m(t) and c(t) are recorded. Then 
the correlations are computed using these formulas: 


Omn(nT) = mimasi 


[momMm+m1Mayy + meMnget+ °° * +mymrn] 


~ N+1 


dme(n T) = MiCn+i 


1 
~ Wo [moen+micagi t+ Metny2+ *** +mnen+N] 


where 
successive ordinates of m/(t) 


,CNan = successive ordinates of c(t) 
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Formation of the auto-cor- 
relation function. FIG. 6 


Equations (5) and (6) are easily, even if tediously, 
solved by hand. Using a desk-calculator, a correla 
tion curve may be produced in a few hours. Punched 
card computers greatly reduce this time. ‘The M.I.T. 
digital computer (Whirlwind I), computes correla 
tions in about 5 minutes. 

C.M. Chang® shows that correlations obtained 
from rather short segments of data are as useful 
practically in weighting function determinations as 
those obtained from very long records. ‘The only 
requirement is that the auto- and cross-correlations 
be programmed in identically the same way when 
they are formed. A rough rule, with some experi- 
mental verification, is that the input and output 
records should have a time duration of at least 10 
to 50 times the time duration of the significant part 
of the weighting function. The auto- and cross 
correlations should themselves have a duration in 
the region of positive + of at least twice the time 
duration of the significant part of the weighting 
function. 

The weighting function h, (nT) relates through 
convolution the correlation functions in the same 
way as it relates m(t) and c(t). ‘Thus, where 


k 


c(t) = y ham(t — nT 


no 
the analogous relation between the auto- and cross 
correlations is 


k 


omc(r) = Y) ban _ nT 


no 
\ new set of equations of the nature of equation 2 
may now be formed in which the h,, coefficients are 
still the unknowns. Levinson® shows that such a set 





of equations are more amenable to solution. How- 
ever, these equations are often difficult, if not im 
possible to solve. Because de-convolution in the 
time domain has been so difficult, most workers con- 
vert to the frequency domain by Fourier transforma- 
tions. ‘They? have established _ straight-forward 
techniques that are easy to handle theoretically. 


THE TOOL 


Tue Detay Line SynruesizerR (DLS). The 
DLS solves the large number of simultaneous equa- 
tions that define h,, by becoming an electronic model 
of h,. It performs convolution on an input voltage 
that represents the auto-correlation. Since convolu- 
tion involves an operation on past values of an input, 
an essential part of the synthesizer is an electronic 
delay line. This is shown in Figure 7 where a func 
tional block diagram illustrates another interpretation 
of the convolution process. The present value and 
past history of the input m(t) are stored in a lumped 
delay-line. This delay-line is tapped at each of the 
lumped delay outputs where the values of each 
delayed input is multiplied by an appropriate con- 
stant (h,) and then summed to produce the output 
c(t). The process indicated in Figure 7 is exactly 
that described in Equation (2) and indicated in 
Figure 5. Not only is the block diagram of Figure 
7 useful for visualization, but it also is the basis for 
the design*** of the delay line synthesizer. 

A large number of simple lags in series produce the 
“imperfect” lumped delay line used. Proven a prac 
tical compromise, Figure 5 shows its performance. 
The transfer operator for each “lump” is 

1 


Cout 


Cin ‘,+7D)" 


where D = the operator 


d . 
dt 


Time scaling and cost considerations have set 
7 = 12 microseconds and n = 25 for each of the 
20 plug-in delay units used in the DLS. 

Figure 9 shows how the auto-correlation function 
dmm (rt) may be generated as a repeating electrical 
wave form or function. It is then introduced into 
the delay line synthesizer whose output is subtracted 
electrically from an electrical function having the 
shape of the cross-correlation ¢om (7). One then 
systematically adjusts the knobs of the delay line 
synthesizer so that the resulting difference voltage, 


*** To the author’s knowledge the first device of this type 
was built by J. L. Janssen” in Holland. A similar device was 
built by C. A. Stutt™ at the RLE, M.I.T. Many of the ideas 
incorporated in the delay line synthesizer described here were 
suggested by George A. Philbrick of George A. Philbrick 
Researches, Boston, Mass. 


But the simplicity of the frequency domain is 
not obtained without certain practical limitations.* 
De-convolution in the time domain is now easil\ 
accomplished through use of an analog device 
described in the following. 


** See Reference 1 on the effects of noise in closed loop 
systems. 


as repetitively displayed on an oscilloscope, reduces to 
a minimum. The result is that the delay line syn 
thesizer becomes a model (within its limits) of the 
system. An impulse applied to it will produce the 
weighting function which may be photographed. 
This technique is rapid and convergent for the 
following reasons: 
> The auto-correlation function derived from random 
data has a high central peak and goes to zero (o1 
steady state) on either side of + = 0. In fact, if the 
input contains all frequencies at the same power 
level (white noise), dmm (+) is a pure impulse! 
> Since the delay line synthesizer performs convolu 
tion on a “pulselike” input, each knob affects the 
output (and therefore the error) at a localized point 
in time. Thus the operator immediately senses the 
result of a given manipulation when viewing a 
repetitively displayed trace on an oscillosocope screen. 








m(t) [Delay-|m(t-T)|Delay-] m(t-2T) 
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Time Time 
T T 


Delay-|\n(t-kT) 
Time Time 
T T 












































Block diagram of convolution. FIG. 7 
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If a perfect lumped delay line were used, the electrical out- 
put of the DLS in response to a pulse input would appear as 
in (a). The use of an “imperfect” lumped delay line, where 
the pulses are “spread-out,” permits the creation of a smooth 
output as in (b). FIG. 8 
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Knob settings indicate weighting 
function time-series ordinates. 


As a result of the peak in the 
auto-correlation at T= 0, each 
knob of the DLS has a major 
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Oscilloscope display of error 
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effect at a corresponding point 
in time on the error curve. This 
readily converges the process of 
reduction of errors to a minimum. 


—_ 


Block-schematic of weighting function discovery. FIG. 9 


> The error-reduction or convergence process is con- 
ducted by a human being who looks at the complete 


curves and not at a time series representation, as 
would be required in a digital computer. He there- 


APPLYING THE METHOD 
AND THE TOOL 


DiscOVERING AN IMPORTANT WEIGHTING FUNCTION 
In A Rerinery Distrttation Cotumn. ‘Turn back 
to the application on the first page of this article. 
Using the described method and tool produces the 
auto-correlation of the valve stem position in Figure 
10. Figure 11 shows the cross-correlation of tem- 
perature with valve stem position. This figure also 
reveals the output of the DLS when properly adjusted 
to operate on the auto-correlation as an input volt- 
age variation. Figure 12 shows the frequency 
response obtained from the DLS. 


With the exception of the industrial application, the mate- 
rial presented in this article has been condensed from a paper 
presented at the ASME-IRD Conference on Automatic Con- 
trol, April 25-26, 1955, at the University of Michigan, Ann 
Arbor, Mich. 

The author is indebted to The Foxboro Co., Foxboro, Mass., 
which obtained the original normal operating records and made 
them available for study. 
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fore works with a great deal more information. In 
addition, the human being is not bound by a mathe- 
matically defined error criterion. He is always able to 
converge on a “best” linear weighting function. 
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Auto-correlation of valve-stem position. 1G. 10 
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Cross-correlation of temperature 
with valve-stem position. FIG. 11 


Magnitude ratio 








Ng 


es 






































cpm 


\e) 
O 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 





0 





oo 
3° 
fo} 


Phase angle 











| 


| | 
* . 
| 

















-600 | | 








cpm 


The frequency response of the portion of the distillation 
column tested is determined by finding the frequency response 
of the DLS. FIG. 12 
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ackseat Computer 
ates Fuel in Action 


THE GIST: How does an automotive fuel 
really perform? The facts can be gleaned 
either on the road or in a test stand. Road 
information is direct and more authentic. 
A great deal of complex equipment must 
be set up to simulate a highway in the lab. 
But you can pack only so much in a car, and 
| limited the scope of road testing. 
Sediticle describes how Du Pont engi- 

er ; devised a ‘compact and versatile 
ect fuel\testing system. It measures 


ae ; 
dots the rela- 


— ler, “ind with 


. 


; neasures horse- 
ender Miles 5 


Sugh few control engineers may 
want to clutter their own cars with this pre- 
cision system, its techniques may suggest 
solutions to many a workaday problem. 


K. G. PARTHEMORE and R. A. SPRAKER, enough room for test engineers to sit in comfort. 
E. |. du Pont de Nemours and Co. On an instrument panel to the right of the driver 
and facing the passengers a battery of twelve circular 
Evaluating the performance of fuels and lubricants _face indicators register operating variables and a two 
in an automotive engine is a recurring study in the _axis recorder interrelates these variables during test. 
Du Pont petroleum laboratory. The ideal way to An adjacent panel lets the operator select a speci 
gather basic data is in direct road test. If enough fic fuel from storage tanks and the variable he wants 
information is developed on the road, proper labora- _to plot. He can also control engine spark timing 
tory conditions can handle further routine tests. through a panel-distributor hydraulic link. 

In designing our road test equipment a system 
was conceived which would perform most measure- 
ments normally made on a first rate laboratory test 
stand. A spacious 1952 Cadillac seven-passenger The indicated engine variables divide into two 
sedan was chosen to house the system. As it general groups: (1) those directly measured from 
turned out—with all functions in—there was still primary sensing devices, and (2) those electrically 


Scope of the Instrumentation. 


58 CONTROL ENGINEERING 





Alternator 


Backseat test system Fig. 1 and the special equipment furnishing its power. Fig. 2 


computed from combinations of directly measured 
variables. The table shows the devices used and 
the computation relationships: 


1) ENGINE VARIABLES AND THEIR PRIMARY 
SENSING ELEMENTS. 


Variable Sensing Element 


Strain gages on axle 

Tachometer generator 

Transmitting rotameter 

Ignition spark and magnetic pickup 
Thermocouples 


Torque 

Road Speed 

Fuel Flow 

Spark Advance 
Temperature 

: —— 
a ie tates » Transmitting slidewire 


2) COMPUTED VARIABLES. 


Computed Variables Relationship 


Constant X Miles per Hour X Torque 
Miles per Hour + Fuel Flow in gph 


Horsepower 
Miles per Gallon 


In addition to these indications, temperatures at 
six different points in the car are sensed by thermo- 
couples and read by pushbutton on a millivoltmeter 


on the instrument panel. Also, the panel indicates 
exhaust pressure and intake manifold vacuum. 

The electrical power requirements of this extensive 
system proved to be far beyond normal capacity 
of the automotive generating equipment. Besides 
the extra 7 vde needed for panel ventilating fans, 
special fuel pumps, tank switching solenoids, and 
indicating lights, an auxilliary 300 watts of 100 v, 
60 cycle ac power were required for the electronic 
instruments. Hence the conventional generating 
system was replaced by the special system shown 
schematically in Figure 2 

In the new power circuit two Model 5158-GE 
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Leece-Neville alternators, arranged in tandem on 
a common shaft, are pulley driven from the fan 
belt in the conventional manner. Dry plate recti- 
fiers convert ac to dc. The de output is held at 7 \ 
by voltage regulators controlling the alternator field 
currents. The regulators also provide tapered charg- 
ing for the storage battery across the dc line. 

The special power system has an output capacity 
of 175 amps at 7 v as compared to the 40 to 50 
amps from a conventional automotive generator. It 
also has the added value of being able to charge 


batteries and run accessories while the engine idles. 
In a standard system the battery discharges under 
idling conditions. 

Inverters derive the 115/60 ac needed to run 
the electronic recorders from the 7 vde supply. ‘Two 
ATR Model 6THSF inverters are used. Power con- 
version is made in the inverters by the vibrator- 
transformer method. Each unit has a continuous 
duty output capacity of 150 watts. 

The following sections describe the instruments 
and circuits for measurement and computation. 


HOW THE SUBSYSTEMS FUNCTION... torque 


The torque used in computing the useful power 
delivered by the engine is equal to the product of 
the road reaction in pounds and the rear wheel 
radius in feet. ‘The diagram, Figure 3, shows how the 
rear axle housing secures to the car frame by the rear 
springs. Rear wheel torque is measured by strain 
gages bonded to the rear axle housing (1). 


Strain Gage 
Bridge Circuit 


How stresses proportional to rear wheel torque 
are imposed on the rear axle housing is best under- 
stood by considering the forces that act on the 
assembly. Drive shaft torque, ‘I, delivered by the 
engine, drives the rear wheels through the pinion, 
ring gear, and the rear axles. Road reaction, Ry, 
and rear wheel radius, r, constitute a torque that 
acts through the rear axles and ring gear to exert 
an upward force on the drive shaft pinion. ‘This 
causes the drive shaft to bear upward on the pinion 


How road thrust is detected by strain gages in the rear axle housing. Fig. 3 
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bearing as indicated by arrow, F. ‘The universal 
joint in the drive shaft prevents the drive shaft 
mounting system from offering any restraining 
torque. Consequently, the torque caused by force, 
I’, acting at a distance, d, from the longitudinal axis 
of the axle housing is restrained only by reactions 
Rs, Rs, Ra, and R; at the rear spring mooring points. 
This torque is carried by the axle housing, with 
bonded strain gages detecting the torsional stresses. 

The gages are mounted so that each sensitive 
axis forms a 45 deg angle with the longitudinal axis 
of the axle housing. Gages labeled T;, Ts, C,, and 
C, appear in their proper positions in the diagram. 
The torsional stresses previously described place 
gages T, and T, m tension and gages €, and Co» in 
compression. A second set of gages, ‘I's, T'4, Cs, and 
Cy, similarly bond to the rear of the housing. 

The eight gages connect in the Wheatstone Bridge 
configuration shown in the upper left hand corner 
of Figure 3. Resistance changes due to torsional 
loading cause this bridge to produce a proportional 
unbalance signal at the output terminals. The 
bridge is arranged so that strains from bending, lateral 
or thrust loads on the axle housing affect gages in 
the same arm in an equal and opposite manner. 
Gages in different arms, however, react so that 
the two bridge output terminals stay at the same 
potential. Thus, no bridge unbalance results from 
these unwanted effects. 

The bridge connects into a Ruge De Forest strain 
gage amplifier. This amplifier supplies a 1000 cycle 
ac operating voltage from a vacuum tube oscillator, 
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(8) Miles per Gallon Computer Circuit 


Servo driven potentiometer in Ohms Law di 
vided circuit computes miles per gallon. Fig. 4 


and receives and amplifies the unbalance signal from 
the bridge output terminals. A reversal of torque 
in the axle housing causes tension and compression 
members of the strain gage bridge to be reversed. 
‘This reverses the phase of the torque signal at the 
bridge output terminals. A phase sensing circuit in 
the amplifier detects such reversals and provides a dc 
output signal that represents both magnitude and 
direction of the applied torque. This torque signal 
is indicated on a de microammeter. 


. . . ROAD SPEED 


A voltage signal proportional to car speed is 
required for computing operations and also for elec- 
trically indicating this speed on the instrument panel. 
The signal is developed by a direct current tacho 
meter generator coupled to the usual speedometer 
takeoff pinion on the transmission. The tachometer 
puts out about v at a road speed of 60 mph. 
This voltage amplitude is enough to operate com- 
puter circuits without further amplification. Also, 
low internal tachometer resistance permits a linear 
relationship between voltage and speed under a 
relatively large and varying instrument load. 

A dc microammeter, connected as a dc _ volt- 
meter, measures the tachometer output voltage and 
indicates this in miles per hour. 


. . . MILES PER GALLON 


Fuel economy in miles per gallon is obtained from 
an analog computer circuit which computes the 
ratio of road speed in miles per hour to fuel con- 
sumption in gallons per hour. ‘The computer circuit, 
an Ohm’s Law divider‘), appears in simplified form 
in Figure 4A. Its operation is based upon the analogy 
between the fundamental electrical relationship, 
I=E/R and the relationship between the variables 
involved in fuel economy: 


Viles per Hour 


Miles per Gallor 
; Gallons per Hour 


It is obvious that ammeter current, I, will be 
proportional to miles per gallon if the generator 
voltage, E, in the circuit is made proportional to 
miles per hour, and the resistance, R, is made pro 
portional to gallons per hour. 

Figure 4B is a schematic diagram of the complete 
computing system. The primary sensing device for 
measuring fuel flow is a Schutte- Koerting rotameter. 
The rotameter tube connects in the line carrying 
fuel to the carburetor so that its float assumes a 
vertical position proportional to flow rate. <A slender 
rod connected to the bottom of the float extends 
down into the rotameter base and positions a core 
common to two coils located in the base. These 
coils form adjacent arms of a Wheatstone Bridge. 
Thus, float action moves the core along its longi 
tudinal axis which increases the inductance of one 
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Servo driven potentiometer computes road horsepower. Fig. 5 











coil and decreases that of the other, resulting in 
an unbalance in the Wheatstone Bridge. ‘The 
unbalance signal goes to a Foxboro null-balancing 
flow indicator. ‘The indicator thus follows float 
motion and provides a remote indication of the full 
flow rate. ‘The arm of the computing potentiometer 
also is positioned by the flow indicator to make 
resistance, AR, proportional to the fuel flow rate. 
The source of current for the circuit is the road 
speed tachometer, its internal resistance being repre- 
sented by Ry. ‘The miles per gallon indicating meter 
is a microammeter with an internal resistance, R,,. 
Hence the equation for current flow in this circuit is: 


a Even 
R,+Ru + AR 


It is evident that the minimum value for the 
denominator is limited by the constant resistances, 
R, and R,,. In computing miles per gallon, this 
limitation makes it impossible to represent a region 
of fuel flow values below a certain minimum by a 
variable resistance. So it is necessary to adjust the 
ohms per gallon per hour factor of the computer to 
keep fuel flow represented by these constant resist 
ances below any rate that occurs during road testing. 
With this adjustment, the computer equation is 
valid for flow ratés above the fixed minimum. The 
current, I, is indicated as miles per gallon on a de 
microammeter. 
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. . HORSEPOWER 


The horsepower developed at the rear wheels of 
the car can be computed from the following 
equation, 

Horsepower = K, (Road Speed) (Axle Torque), 
where K; is a proportionality factor relating the 
speed-torque product to horsepower. This product 
can be computed electrically by means of the Ohm’s 
Law relationship, E —1R). If current, I, is 
proportional to road speed and resistance, R, is 
proportional to axle torque, then voltage, E, is 
proportional to horsepower because of the analogy 
between the Ohm’s Law equation and the above 
horsepewer equation. Figure 5 shows the basic horse 
power computer circuit schematically. 

The resistance, AR, in the circuit is made propor 
tional to axle torque by positioning the sliding 
contact arm of potentiometer, R,, proportionally to 
current, I;, which flows in the torque indicating 
microammeter. ‘The torque current flows through 
the pickup resistor, Ry, producing a millivoltage, F,, 
proportional to the current developed across the 
resistor terminals. This millivoltage is the input to 
a Bristol “Dynamaster” recorder. ‘Thus the recorder 
pen position becomes an indication of the axle 
torque. A special retransmitting slidewire potenti 
ometer, R,, couples directly to the positioning shaft 
of the recorder causing the resistance, AR, between 
its contactor and one end terminal, to be propor- 
tional to the input millivoltage; hence, to torque. 

The outer terminals of R, connect directly across 
the output terminals of the road speed tachometer. 
Hence the current I, that flows in the circuit, is 
directly proportional to car speed. The voltage, 
En», developed across the variable resistance, AR, 
is given by the equation 


Enp = T,AR. 


Since I, is proportional to road speed and AR is 
proportional to axle torque, the voltage, Ey,, is 
proportional to horsepower. 

The foregoing conclusion is based on the assump 
tion that E,) is an open circuit voltage. However, 
it is still necessary to indicate its value on the horse- 
power indicating microammeter. ‘To avoid errors 
due to instrument loading, it is important that 
resistance, Rm, of the meter circuit be high with 
respect to the slidewire resistance, R,. It is possible, 
with a careful choice of circuit parameters, to keep 
this loading error within one per cent. A de micro 
ammeter, connected as a voltmeter, indicates the 
voltage, Ey», in terms of horsepower. 


. . . ENGINE SPEED AND SPARK ADVANCE 


Two important variables which must be measured 
for engine and fuel test work are (1) the crankshaft 
speed of the engine in revolutions per minute, and 





(2) the point in the cycle where fuel charge is 
ignited by the electrical ignition system. This latter 
variable is expressed in “degrees before top center”; 
that is, the number of crankshaft degrees ahead of 
the point where the piston reaches the top of its 
compression stroke. ‘The distributors of modern 
ignition systems have automatic devices that cause 
the spark advance to vary with both engine speed 
and intake manifold vacuum to obtain optimum 
engine performance under different operating con 
ditions. ‘The total spark advance for any given 
condition is the sum of two settings. These are 
(1) the “basic” setting that is made with the engine 
running at its normal idling speed, and (2) the 
automatic setting that is determined by engine 
speed and vacuum control devices. The Cadillac 


to show the basic setting and the other, the total 
setting. 

The basic spark setting is made by rotating the 
distributor housing and changing the relative 
positions of the cam follower and the cam which 


THE KEY INSTRUMENTS. . 


The function plotter is a Leeds and Northrup 
‘Speedomax” X-Y recorder requiring 20 my at its 
input terminals for full scale deflection on either 
the “X” or “Y” axis. Its pen carriage is positioned 
by the“X” axis input signal and chart rolls are moved 
by the “Y” axis input signal. This produces a two 
coordinate plot of the two signals. 

All instruments described thus far employ dc 
microammeters for output indications. Hence, a 
standard millivoltage pickup circuit can be used in 
series with each meter to provide input signals for 
the recorder. Simplified diagrams of these pickup 
circuits are shown schematically in Figure 6. The 
current flow in the indicating microammeter causes 
a proportional voltage drop across the pickup 
potentiometer, R, which is slightly greater than the 
voltage necessary to drive the recorder over full scale. 
The recorder scale is adjusted by setting the sliding 
contact accurately to correspond to the meter scale. 

Pickup potentiometers in the meter circuits con- 
nect to input terminals of the recorder through push 
button selector switches. The operator thus can 
sclect any two desired variables for recording. 


The following variables are routed to the X-Y 


actuates the ignition breaker points. The position 
of the distributor housing is, therefore, directly 
proportional to the basic spark setting. An electrical 
indication of spark advance is obtained from a 
positioning circuit which is essentially a slide-wire 
potentiometer with its contact arm positioned by 
the distributor housing. 

To indicate total spark advance, a General Instru- 
ments and Engineering Co. spark protractor 
electronically measures time interval between spark 
and when the corresponding piston reaches its top 
center position. This protractor consists of a bistable 
multivibrator circuit triggered alternately by the 
spark and a magnetic pickup which signals each time 
a piston reaches the top. The multivibrator thus 
generates a continuous train of square pulses of 
durations proportional to the time interval of the 
spark advance. A microammeter located in the 
appropriate triode of the circuit indicates the direct 
current average of the conducting intervals of the 
tube. These average intervals are proportional to 
the average spark advance of the eight cylinders. 
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Push button switches permit operator selec- 
tion of variables for X-Y recorder. Fig. 6 
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Miller integrator circuit furnishes time axis for X-Y recorder. Fig. 7 


recorder input terminals by push button selection: 
“X” Axis “— 2 
. Road Speed 1. Torque 
. Engine Speed 2. Road Speed 
. Time 3. Miles per Gal 
. Horsepower 
5. Spark Advance 
Combinations of inputs can thus produce desired 
plots of the following useful relationships: 
1. ‘Torque vs. Road Speed 
. Horsepower vs. Road Speed 
. Miles per Gal vs. Road Speed 
. Miles per Gal vs. Time 
. Road Speed vs. Time. 
. Spark Advance vs. Engine rpm 


. X-AXIS SWEEP GENERATOR 


An electronic sweep circuit augments the “X” 
axis of the recorder to make graphs which relate “Y” 
axis variables to time. The circuit, shown in Figure 
7, provides the operator with switch selection of full 
scale sweep times of 20, 40, or 80 seconds. Output 
of the circuit or sweep generator is a millivoltage that 
rises linearly from zero to 20 my in the selected 
sweep time. 

The sweep generator is basically a Miller integrator 
with a regenerative feedback circuit for improving 
sweep linearity “.*). The plate of the Miller inte- 
grator tube, V,, is directly coupled to the grid of 
cathode follower, V2. The Miller feedback principle 
is obtained by returning the cathode follower output 
to the grid of V, through the sweep capacitor, C. 
Regenerative feedback is obtained by connecting the 
cathode of V, to ground through an adjustable tap 
on potentiometer, R;, in the cathode follower load 
circuit. Hence the regeneration can be adjusted so 
that the system operates near infinite gain. 

The sweep cycle is controlled by switch S$, which 
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is opened to initiate a sweep and closed to return 
the output voltage to its quiescent value. With S, 
closed the grid of V; connects to the adjustable 
tap on potentiometer Ry in the cathode follower 
load circuit. This establishes the quiescent operat- 
ing point of the circuit and stabilizes it through 
inverse feedback. The tap on Rg, adjusts this 
quiescent operating point for the most linear operat- 
ing region of the circuit. Closing S, also allows the 
sweep capacitor, C, to discharge through the low 
output resistance of the cathode follower. 

When §, is opened the plate voltage of V, rises 
linearly toward the plate supply voltage. ‘The plate 
of V, is connected directly to the grid of V2 and 
the output voltage is taken from the cathode of Vo. 
‘The range of the output voltage is from about 100 
to 250 v. This voltage is reduced to the zero to 20 mv 
recorder range by the voltage divider circuit, Re and 
R;, and the quiescent component is balanced to 
zero by the balancing circuit consisting of the 
battery, E, and the resistances, Rg and Ry. The 
adjustment on Rg serves as a calibration adjustment. 

The sweep duration is directly proportional to 
the value of the sweep capacitor C. Sweep time, 
zero set, and sweep cycle controls are displayed. 
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NOMENCLATURE: 


= air pressure 
volume of air 
weight of air 
gas constant 
absolute temperature 
critical pressure at throat of 
nozzle 
= inlet pressure to nozzle or valve 
area of nozzle throat 
= absolute temperature at input 
to nozzle 
= servo loop gain 
= frequency variable of Laplace 
transformation 
= constant 
= feedback factor 
nozzle constant 
area of valve 
width of valve 
= input motion (displacement of 
valve) 
W,, W. = weight of air in piston 
chambers 
Vi, V2 = piston chamber volumes 
T) = assumed constant absolute 
temperature 
PiyP2 = piston chamber 
pressures 
= effective area of piston 
force acting on piston 
total weight of air trapped in 
both piston chambers 
= piston displacement to right 
= effective mass of load and pis- 
ton measured at piston rod 
viscous load friction at piston 
rod 
= spring constant of load at pis- 
ton rod 
velocity constant of servo 
motor 
damping ratio of quadratic 
factor 
= length of restrictive tube 
viscosity of fluid 
cross’sectional area of tube 
density of fluid 
= constant 
Pct; Peo = pressures in stabilization 
chambers 
W.1, We. = weight of air in stabiliz- 
tion chambers 
V.1, V2 = volume of stabilization 
chambers 
Kn, Ke = constantsof stabilization 
restrictions 
Qo = characteristic natural fre- 
quency of servo motor 
6 = characteristic damping coeffi- 
cient 
n t,y,7 = as defined in text 


TIE SIMPLICITY TO POWER WITH 





Pneumatic 
Servomechanisms 


Here is a larger, broader future for pneumatics in con- 
trol. Going back to basic gas law, this article derives 
the transfer function and suggests an unusual stabiliz- 
ing technique for a linear pneumatic motor. Conclusion: 
good design insures high dynamic performance at fre- 
quencies of 12 cps or better, even under sizable load. 


HAROLD LEVENSTEIN, The W. L. Maxson Corp. 


SOME PNEUMATICS BACKGROUND ‘he basic relation 
in a pneumatic servomechanism is the gas law. For a perfect 
gas, the relationship between pressure, p, volume, V, weight, W, 
and temperature, ‘T’, can be expressed 

pV = WRT ( 

The constant R is the gas constant; its units are chosen to 
make Equation 1] dimensionally correct. 

Another relationship is also necessary. Air is admitted to the 
working chamber of the servo through a valve. This valve is 
treated as a nozzle. When the final nozzle output is less than 
a critical pressure, p,, flow is at maximum and stays constant 
for all final pressures less than p,. ‘The critical pressure is about 
half the inlet pressure. 


Pe = 0.53p; (2 
In this analysis, the final pressure will not increase greatly 
above p,, and the air flow is derived by 


0.532 ep; 
T 2 


W = lbs /sec 
Hence the important relationship is the linearity between W, 
the rate of flow, and A,, the area of the nozzle. 


‘To date, pneumatic devices have not been used 
for high-powered, high dynamic performance indust 
rial control. But it now appears that they may fill 
a vital gap between low-powered electrical servos and 
high-powered hydraulic systems. 
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Elementary air motor includes mechanical feedback between 
input or valve position and output or piston position. FIG. 1 


Pneumatic systems offer certain advantages over 
the better-established techniques. For one, high 
pressure oil leakage problems are eliminated. For 
another, the structure of pneumatic systems is simple. 
Reservoirs are unnecesary and weight can be reduced. 
However, there is at least one difficulty — keeping 
the moving parts of pneumatic systems lubricated. 
But when a plant has compressed air readily available, 
serious consideration should be given to pneumatic 
methods of performing servo operations. 


The Servo Unit 


‘The servo’s motor element is a conventional valve 
and cylinder structure. Air is ported to one side 
of the cylinder and vented from the other to 
atmosphere, producing a force on the piston face. 

Servo characteristics are obtained by feedback 
from the output to the controlling valve, Figure 1. 
Assume that the valve covers the two ports and that 
the piston is stationary at the center of its chamber. 
A displacement of the input member transmitted 
through the differential opens the valve and jets 
high pressure air into the piston chamber. If the 
valve moves to the left, the left port opens and air 
forces the piston to the right. Air trapped in the 
right piston chamber vents to atmosphere through 
the uncovered right port. 

Piston motion is fed back to the valve through 
the differential. The piston thus moves until the 
ports close and the valve and piston are stationary. 
Hence the movement distance is determined by the 
valve input, and the servo is a position follow-up 
mechanism. If load does not exceed total available 
force on the face of the piston, the scale of follow-up 
is determined by the feedback ratio. 

However, there is some doubt about the dynamic 
stability and fidelity of the pneumatic servo: 

P Will it find a stable position? 
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Closed loop functional diagram 
for elementary air motor. FIG. 2 


> How well will it reproduce the input signals? 

Before considering the mathematical aspects of 
the problem, some physical feeling for the behavior 
of the system must be established. 

Opening the valve causes a flow of air to the 
cylinder chamber and produces a force on the face 
of the piston. By regarding the piston as inertia 
only, it is observed that an acceleration results. 
Thus the transfer function, G, between valve dis 
placement and piston displacement is approximately 

This deliberately ignores many pertinent factors 
that modify the relationship. ‘The most serious of 
these, influence of the load and rate of air input, 
will be considered later. 

Figure 2 represents the functional feedback 
diagram. ‘The servo loop has a forward transmission 
K/S?, a feedback transmission, N, and and overall 
transmission function G where 


output _ K : 
input S*+NK 


(Dp 


G= 


Superficially, the system appears neutrally stable. 
This is due to lag of the piston mass as it trys to 
respond to feedback commands to the valve. In 
responding, the piston overshoots and calls for a 
reverse control action where it again overshoots 
(but not promptly). 

At this point, it seems there may be a problem 
of stability. But damping, load and _ valve 
characteristics, and mechanical networks in the 
feedback loop could modify this appreciably. Hence 
the dynamic behavior must be formulated with 
considerably more rigor. 


Analysis of Basic Servo 


‘The first step is to develop a transfer function 





for the relationship between piston displacement 
and valve displacement. Only small motions of 
the piston and valve about their center positions 
will be considered. The actual air processes taking 
place—the nature of expansion and flow of the air 
—will not be examined. This is a convenient 
approach and leads to a useful mathematical 
description of the system. 
Displacing the valve slightly from its closed posi 
tion lets air into the chamber at a rate 
dw 
= k, An (6) 
dt ‘ : 
Nozzle area is considered proportional to valve 
displacement. 
An = bnY 
‘Lherefore 
aw 


= Knbn 4 
dt ibn 


The rate of air flow into the chamber is also 
proportional to valve displacement. Similarly, the 
rate of air exit from the vented side is proportional 
to valve displacement. Labeling the left and right 


sides of piston and valve 1 and 2 respectively, 


dW, 


= Ky br j , 
dt Knibn ¥ (9) 


dW; 


= knab, Y 
dt 7 } 


The values of k,; and k,2. depend on the source 
pressures. When Y is positive, k,; is large since air 
is entering the chamber from the high pressure 
source. When Y is negative, k,; is smaller since 
it represents the rate at which air flows from the 
venting side of the piston. k,2 is negative aad has 
magnitudes complementary to k,; for Y positive 
and negative. 

The second necessary relationship is the gas law. 
\ir flows in one side of the chamber and out the 
other. ‘The force developed across the piston face 
can be calculated from this. Consider the left hand 
side of the chamber filling with air. 

nV; = WRT; (10) 

The variables are P;, V; (from piston motion), 
W, and T,. For convenience assume that T; and 
Tz are constant and equal to T. 

The pressure difference across the piston is 

ae ole es a oo 
and the force acting on the piston is 


F = AP = antl -—=— 12 

At dynamic equilibrium, all load forces will be 
equated to F. Equation 12 contains W, and W, 
but not their rates of change. By differentiating 
this equation with respect to time 


dF awi/dt  dW/dt WidV: , WidVs| |. 
— ART a he 3 
dl arr| V; V; Ve dt * Vy? dé ) 


Since the behavior has been confined to small 
changes, V, is substantially equal to V2. Also, the 
increment in V2 is the negative of the increment in 
V:. Using these relations and collecting terms, the 
following expression is obtained. 


dF _ [1 (aw, aW.\ Wit WidVy 
dt arr 5, (a > a ) V2 dt | aie 


In this equation W, and Ws, represent the air 
trapped in the piston chambers. For small fluctua 
tions, W, and Wz are substantially constant and 
thus their sum can be regarded as constant, W,. 

Since the chamber has a constant cross section, 
dV,/dt can be replaced by Adx/dt where x is the 
displacement of the piston to the right. 

dF _ ar om] _ ART 
dt V V;? 


Wo és (15 
0 


“dt dt it 


Introducing the load forces 


d*x . dz 
F=M-7a + R; di 


where M is the total mass of the load and piston, 
R, is the viscous friction, and K, is the spring 
constant, all measured at the piston rod. Different 
ating Equation 16 with respect to time, 


-+ K,z (16) 


, 3 a2 = 
a a Bae +R oe + Ke = 


dt dis * “* de 
and combining Equations 15 and 17, we get 
d*z dx 


> 4 dx - 
da * R dt? + K, dt 


ART dw, dW, A*RT .. dt 
— _— -- — —— Wo 18 
Vi dt dt V;? dt 
Introducing the valve displacement from Equation 9 
Mdx R,d?x . A°*RT ,.. dr 
+- e+ -w 
dt® ; dt? r (x V;* ) dt 


1R7 
Vi 


M 


The term (k,,,—k,2) is a constant under the condi 
tions described and can be represented by k,. 

Without spring loads or friction, i.e., when the 
second and third terms of Equation 19 are zero, 
the piston mass responds as the third integral of 
valve displacement. This departure from the earlier 
assumption made in Equation 4 results from the 
gradual increase in air pressure as the valve is opened. 
K.quation 4 asumes a step increase. 

Note that the air trapped in the chambers, W,, 
behaves like a spring and is grouped with the load 
spring constant in the equation. ‘To some, the spring 
rates of trapped compressed air come as a surprise. 
Figure 3 shows the spring coefficients of typical 
piston-chamber combinations. 

Note also that there is no friction term resulting 
from the air properties. R, is composed of load 
friction and friction incidental to the mechanical 
structure of the piston and its chamber. Since the 
latter is a poor source of friction when well designed, 
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Spring coefficients of typical piston-chamber combinations. 


FIG. 3 


the load itself is heavily relied on for stabilization. 
To discuss the system conventionally, introduce 
the operator S and write the input-output ratio. 
Then the transfer function of the motor is 
ART bnkn 
X(S V , 
Yis) = (20) 


- PRTW, 
S (Ms + Res + K+ wi bth ) 


V2 

To appreciate the magnitudes of these literal 
quantities, consider the accompanying example. This 
evaluates the various terms of the transfer function 
for a representative motor. For the selected parame- 
ters, with a piston of very large mass, the motor has 
a natural frequency of approximately 12 cps. This can 
reach 30 to 50 cps through judicious selection of 
chamber proportions and air pressure. 

The low-frequency behavior of the motor is that 
of a simple integrator. ‘The spring terms arising in 
the load and the untrapped air assure this. But 
addition of the spring load reduces gain. 

If spring load is considered zero, servo gains can 
be compared. Define quantity D by the following. 


( ART bnky ) 
V; 


D= 21 


ret os 
( iy Wo) 





A SAMPLE DESIGN 


PARAMETERS: 


M = piston and load mass = | slug ft? 
K, = spring load = 0 

Po = source pressure = 200 psi 

bn valve width = 0.01 ft 


T = absolute temperature = 530 deg R 


CALCULATIONS: 


; w(3)712 
Yu= 1,728 = 0.196 ft* 
- ry? = 0.196 ft? 


V =2 X 107 lbs 


v2 Wo = 5.65 X 10-3 lb/ft 
2 


0.532 3 
k, = 3 Po 


Ti? = 10° lbs/see 
Akt k 


i": non = 1.44 & 10° Ib/sec/ft 
2 


ART 
Ve 


Ss (us + RS + — 
2 


Knbn 


) 


1.44 X 10° 


z (S? + R,S + 5.65 * 105) 


Q) = V5.65 X 10° = 75.1 rad/sec © 12 eps 


With feedback ratio N, 
bility is 


criterion of absolute sta 


1.44 X 108 ‘ 


(9 Re 2 y sec 
R,» N & 65 x 103 » (2.55 & 10°) N lb/ft/sec 


For a feedback ratio of N = 107 
R, » 25.5 lb/ft/see 


And for 6 db of gain margin, R, = 51 1b/ft/sec 
6in 
VU MMA 


Y yy MMM 
Y Liddle 
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ts 
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Transfer function expressed by Equation 20 plotted for vari- 
ous values of the damping ratio of the quadratic factor. FIG. 4 


By evaluating W, and k, from their definitions 
and the relations that have been established, and 
assuming that cylinder pressure is about one-half 
source pressure, it can be shown that 

p23 nm 22 
A 

The significant relationship here is that the gain 
of the servo motor, considered in its integrator mode, 
depends only on the ratio of the width of the valve 
port to the cross-sectional area of the piston. Enough 
assumptions have been made to question the constant 
3 in Equation 22, but this does not effect the above 
statement. Note that the source pressure has dis- 
appeared from the gain. It will reappear when 
spring load is significant as compared to trapped air. 

Figure + shows the transfer function plotted for 
various values of a quantity € using normalized 
scales. ‘The damping ratio of the quadratic factor 
is defined below: 


: R 
" M(K. +45 mm) 
Ve 
As R, (and €) become small, the function peaks 
sharply. This is important for system stability. 
Closing the loop mechanically with a solid feed- 


back connection N (N units of valve displacement 
per unit piston displacement) completes the formu- 
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In modified servo motor stabilization chambers connect to 
piston chambers through restrictive passages. FIG. 5 


lation of the servo problem. ‘lhe loop gain is 


2 Tb, k, 
N( ART . ) 
LG 


s(ars: ee ae ee As A -) 


The characteristic algebraic equation whose roots 
specify the stable character of the servo is 


CAE = MS + R,S? + 


‘ A*RTW, ,{ ARTbz»k, . 
K. + { ne S4+N Af r 25 
V? Vi 


By Routh’s method, it can be shown that the 
following must be true for absolute stability. 


f. , RTW, ART bakn 
RK 7 ) pan ; 


I‘riction prevents destructive vibration. 


Improving Stabilization 


It is unsafe to rely on incidental friction in the 
load and the servo motor. Changes in temperature 
or lubrication can seriously affect performance. 
Other methods are preferred for improving stability. 
One of the most obvious is adding a damper to 
insure sufficient dissipation. Its minimum force co- 
efficient can be calculated from Equation 26. 

More sophisticated methods should be considered. 
While it is possible to modify the teedback link 
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by introducing mechanical and pneumatic networks, 
the method examined here involves altering the 
forward transfer function. ‘This requires 
structural changes in the servo motor. 

Figure 5 shows the modified servo motor. Each 
piston chamber is connected to a second chamber 
through a restriction. Pressures in these storage 
chambers are substantially the same as those in the 
piston chambers, so that small pressure differences 
exist across the restrictions. 

Under these circumstances, the flow through the 
restriction will be viscous laminar. ‘The relationship 
between flow and pressure difference is linear. 


some 


kLy aW - 
a i A-+p “dt - 
The variables are L, the length of the restrictive 
tube, A,, the cross-sectional area of the tube, p, the 
density of the air and yu, the viscosity of the fluid 
where k is a constant with appropriate units. ‘This 
equation is a variation of Poisenille’s formula for 
viscous flow. Equation 15 stated that 
dF ART | dW, dW, A’RT w dx 15 
= - - - ~ ; 5 
dt V; dt dt V? dt 
In the new motor the quantities W,; and Wg are 
affected not only by the valve and piston perform- 
ance, but also by the reaction of the restriction and 
chamber combination. As the piston chamber 
pressure fluctuates, air will be exchanged between 
the storage chamber and the piston chamber. 
dW, 
dt 


ey . dw 
air input from valve] — s (28 
tf 


The following equations hold for the restriction 
chamber combination. 


Pa — Pr 


Combining Equations 29 and 30 yields 


_ we RT > Ga ; 
a = W cl ( T) + Ky dt (31 


Using the analogy between pressure and voltage, 
and air flow and current, Equation 31 is recognizable 
as the differential equation of a resistance and capaci- 
tance in series. In operational notation 31 becomes 


1 
Wa = ™ Pi 
(22) + 5K, 
1 


(32 
Va 


— re 
( R1 ) + SKn 
i c . 


Combining Equations 32 and 33 with 15 in opera- 

tional notation and manipulating the relation yields 

ART 

xX ” eS a Vi 2 j 34 
ets RT, i) a SS a 

s[ (1 + pay eK) (ME+RS+K,) + SW | 


and similarly W. = - 


Knbn 


70 CONTROL ENGINEERING 


This can be made simpler and easier to under 
stand by introducing some new notation. As 
reference conditions, consider the servo without 
spring load or compensation. ‘The motor will have 
a characteristic natural frequency ©, caused by 
inertia and air spring where: 

[ =e oe 

M a we 
There will be a characteristic damping coefficient 8, 
where: 


The velocity constant 
mode) G, is given by 


(or gain in the integrator 


G 2 


Ve and +r K Ve 


In additic let 
n addition le RT 


hese can be substituted in [:quation 34 
X 49) 


y : ) 
é - S 
tT TS 


l‘inally change the time scale of the variable so that 


2628S + K,Q 


Qou and +r : then 


(1 i ; =) u2+26u+ K 


While numerical exploration of the system is 
possible, a quicker demonstration of the improve 
ment in stability can be made. 

Let K, equal zero (no spring load 
denominator can be written as 


l+ytut 
ul u u 
1 + ut 


Selecting t so that the (1+ut) term cancels the 
(u+28) term, effectively replaces (u+28) with 
(u+-y+ut). To do this t is chosen to be (28)— 
and the denominator becomes 


Then the 


uf ufu + (1 


The dissipation coefficient 8 has been multiplied 
by (1+-y) which is in the right direction for improved 
stability. 

Note that for large increases in effective damping, 
y must be large. That is, the external chambers 
must be several times larger than the piston 
chambers. This method of stabilization is particular]; 
effective where space is not at a premium. 
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How Temperature 
Compensation 


Can Be Used 


The effects of temperature change on instrument 


accuracy and five ways to compensate for these 


effects were covered in the April and May issues of 


CONTROL ENGINEERING. This final article adds two 


more compensating methods and shows how com- 


binations of all the techniques apply in subduing 


effects of temperature in five commercially avail- 


able components. 


Like mechanical elements, electrical components 
are also subject to inaccuracies due to changes in 
ambient temperature. One way to compensate for 
this temperature error is to add special windings 
as in compensating induction resolvers. 

The induction resolver is essentially a rotary trans- 
former with variable coupling between the primary 
and secondary windings. The windings are distrib- 
uted to produce a true sinusoidal relationship 
between the output voltage and the angle of rotation 
of the rotor. Figure 1 shows this relationship. 

In an uncompensated resolver, temperature vati- 
ations change the resistance of the copper windings. 
This produces two effects: a phase shift (zero scale 
error) and a variation in the transformation ratio 
(scale error). 

In a typical Reeves compensated resolver, this 
difficulty is overcome by adding an auxiliary winding 
similar to the stator winding. This auxiliary winding 
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is also inserted in the stator slots. The output 
voltage from this compensating winding is very nearly 
in phase with the rotor output voltage. It remains 
in phase despite changes in temperature since the 
effect of resistance changes (copper losses) is equal 
in both the compensating and rotor windings. In 
practice the compensating winding supplies a feed 
back voltage to a resolver isolation amplifier. 
igure 2 shows a typical circuit. 

The summing resistors R; and Re supply unity 
gain from the amplifier input to the resolver rotor 
output. Since variation with temperature is nearly 
identical in the compensator and rotor voltages, 
the feedback loop automatically compensates for 
these variations. ‘Tests on several resolvers using 
winding compensation indicate that the ratio of the 
voltage delivered by the rotor at maximum coupling 
varies about plus or minus 0.05 per cent. Also, the 
electrical phase shift is constant within one minute 
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Input voltage to 
stator rotor 


Stator 


Pea Pa 





ERs 


Output voltage from 





* En, * Eg, cos @ - Eg, sin © 


ES. Ero = Eg, cos @ + Ey, sin & 


@ = Mechanical rotation input to rotor 


Schematic diagram and fundamental relationships for an in- 
duction resolver. Rotor output voltages are expressed as a 
function of the stator input voltages and the angle of rotation 


of the rotor. FIG. 1 
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Induction resolver circuit showing temperature compensating 
windings. FIG. 2 
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Schematic diagram of typical standard resolver with built-in 
temperature compensating resistors. FIG. 3 
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over the temperature range from minus 55 to plus 
85 C. 

In resolvers without compensating windings, the 
effects of temperature variation can be minimized by 
positive current feedback in the amplifier that drives 
the resolver. ‘Io obtain temperature compensation, 
the current feedback voltage resistor must have the 
same temperature coefficient as the copper wire 
used in the resolver stator. ‘lhe positive current 
feedback effectively produces a negative amplifier 
output resistance equal to the resolver copper resist 
ance. Standard resolvers are available with the 
current feedback resistor built into the unit. Figure 
3 shows a typical arrangement. 


Regulating Ambient Temperature 


Another way to prevent temperature errors in 
precision instruments is to hold the temperature 
range to prescribed limits or to maintain ambient 
temperature at a constant value. A heater and 
thermostat do this by preventing the temperature 
of the unit from dropping below a selected value. 
l'o be completely effective the thermostat is usually 
set at the highest temperature that the instrument 
will experience. But this means that the instrument 
must operate efficiently at this high temperature and 
that the system will suffer a continual power drain, 
since the heater will operate most of the time. 

his technique has been used on a linear accelet 
ometer. This unit has an unbonded strain gage as 
the pickoff and is critically damped with a silicone 
fluid. ‘lo maintain damping at a critical value over a 
temperature range of minus 65 to plus 120 F, the 
viscosity of the silicone must be kept constant. Since 
this viscosity varies somewhat with temperature, an 
electrical heater jacket and thermostat were added 
to maintain a constant ambient temperature of 135 F. 


Equalizing Thermal Lags 


In instruments where large temperature changes 
occur in relatively short periods of time (for example, 
in the rapid ascent or descent of an airplane), a 
compensator with a thermal lag different than the 
sensing element’s will create a transient error instead 
of correcting it. Thus it is necessary to place the 
compensator as physically close to the sensing and 
transmitting elements as possible and to select a 
compensator with approximately the same thermal 
lag characteristic as the temperature sensitive 
primary elements. 

One way to do this is to match the product of 
compensator mass and thermal conductivity with 
that of the sensor to give the same relative thermal 
dissipation path. Another way is to vary the length 
of the compensator’s heat dissipation path so that 
the compensator heats or cools at the same rate as the 
sensor. 

Several more commonly used temperature com 





pensators were listed in the April and May issues of 
CONTROL ENGINEERING. These are by no 
means all, since any element that changes character 


HOW IT’S BEING USED 


istics with temperature can be used as a temperature 
compensator. It’s up to the instrument designer to 
select the compensator for a particular problem. 


To show how the compensating techniques 


discussed here and in the previous two articles have 
been used in commercially available instruments, 
several units are discussed in detail. 


Stotionary plate ~ 
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Temperature compensating 
technique used in __1ate-of- 
climb indicator. Changes in 
pressure in the diaphragm cell 
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caused by changes in tempera- 
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ture result in motion of the 
movable plate and a change in 
capillary length. FIG. 4 
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Diaphragm cell 


RATE-OF-CLIMB INDICATOR 


The typical rate of climb indicator in Figure 4 
uses a partially filled diaphragm to correct for both 
altitude and temperature effects. ‘The correction is 
obtained by varying the length of a capillary passage. 
The leak capillary passage is formed by a groove G 
engraved on a fixed flat plate P which is held next 
to a movable flat plate O. A larger groove F is cut in 
the movable plate at an angle to groove G. Groove 
I’ is open to the chamber at both ends. ‘Thus groove 
G forms a small channel of capillary size that extends 
from the edge of the plate, where the connection to 
the static pressure line A is made, to the point where 


Exploded view of Servomech- 
anisms, Inc., pressure trans- 
ducer. Unit at left is twisted 
Bourdon tube of Ni-Span-C. 
Compensating thermistor and 
thermostat are mounted on 
spring clip. FIG. 5 





plote --~ 
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B 
Diaphragm cell 


the two grooves meet. ‘Ihe length of this channel 
can be varied by changing the position of the 
movable plate which bears against a diaphragm cell 
B filled with air under pressure. 

A proper choice of cell pressure results in simul- 
taneous temperature and altitude compensation. If 
the instrument temperature decreases, the pressure 
in auxiliary cell B decreases, the cell contracts and 
plate O is moved to lengthen the capillary. This 
action compensates for the decrease in the viscosity 
of air with temperature. Similarly, an increase in 
altitude means a decrease in atmospheric pressure. 
Sealed cell B expands and moves plate O to shorten 
the capillary. Correction results. 
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A PRESSURE TRANSDUCER 


A pressure transducer manufactured by Servomech- 
anisms, Inc., consists of a pressure sensitive element 
in the form of a twisted torsion type Bourdon tube. 
One end of the tube connects to the armature of 
a four-pole magnetic-reluctance type pickoff. The 
Bourdon tube will twist an amount equal to the ap- 
plied differential pressure. The unit can be made to 
detect atmospheric pressure by evacuating the tube 
and sealing it. ‘Thus, the tube will twist an amount 
proportional to the static pressure introduced into 
the leak-proof chamber. Figure 5 shows an exploded 
view of this unit. 

The electrical pickoff can sense motion in the 
order of 10 millionths of an inch. With this high 
sensitivity, it is necessary to make the transducer 


Altitude 


| Compensating 
diaphragm 


diaphragm 
Cabin altitude diaphragm 


Rocking shaft 





Rocking 

shoft | 
Bimeta/ 
calibration 
levers 


/ntermediate 
wheel assembly 


Operational schematic of Kollsman dual altimeter and difter- 
ential pressure gage. Temperature compensation is achieved 
by means of bimetal calibration levers. FIG. 6 


ABSOLUTE PRESSURE PICK-UP 


Figure 7 is a schematic drawing of the Kollsman 
absolute pressure pickup. This unit gives an electrical 
output that is a function of absolute or differential 
pressure, airspeed, altitude and similar character- 
istics. Movement of the pressure actuated diaphragm 
turns the frame which in turn moves the slider 


14 CONTROL ENGINEERING 


relatively insensitive to temperature to limit errors 
to about 0.1 per cent. Specifications dictate that the 
instrument maintain this accuracy over a temperature 
range of minus 55 to plus 70 C. 

A heater and thermostat in the unit are set so that 
the temperature of the instrument will not fall 
below 0 C. This effectively narrows the temperature 
range over which the instrument has to operate 
accurately. Zero shift resulting from temperature 
effects on the magnetic pickoff is compensated for 
by a thermistor circuit. ‘The Bourdon tube is of 
Ni-Span-C to maintain a constant shear modulus and 
thus give the same angle of twist for the same 
applied pressure over the reduced temperature range. 
The combination of these compensating techniques 
sufficiently subdue temperature effects to achieve 
desired performance. 


DUAL ALTIMETER PRESSURE GAGE 


The Kollsman dual altimeter and differential 
pressure gage is intended for use on aircraft having 
pressurized cabins. It expresses both cabin pressure 
and the atmospheric pressure in feet of pressure 
altitude. In this instrument, Figure 6, temperature 
compensation for both the external-barometric- 
pressure and the internal-cabin-pressure mechanisms 
is secured through a bimetal calibration lever 
attached to both rocking shafts. The bimetal 
calibration lever deflects with temperature, producing 
a compensating movement of the instrument 
pointers. ‘This pointer motion is in a direction 
opposite to that produced by temperature changes 
in the diaphragm pressure-deflection characteristics 
(scale error) and in the differential expansion of 
the various linkages that result in zero shift. ‘The 
calibration lever as used in this instrument effectively 
compensates for the zero shift temperature error. 


across the resistance element. 

Temperature compensation occurs through the 
bimetal forks attached to the pressure sensitive 
diaphragms. Changes in temperature cause the 
arms of the forks to contract toward or expand 
away from the diaphragm axis. ‘This motion is 
transmitted from the forks to the diaphragm by two 
pins. The movement of the bimcetal forks results in 





a movement of the wiper arm, thus compensating 
tor zero shift errors in the pressure sensitive element 
and its linkages. 

Any change through temperature in the spring 
rate of the restraining bimetal fork is compensated 
for by a change in the angle made by the two 
connecting pins with the diaphragms. ‘This effects 
the pressure-deflection characteristics of the dia- 
phragm assembly. ‘Thus these characteristics 


remain essentially constant with changes in temper 
ature, and scale error compensation is achieved. In 
this manner, the manufacturer accomplishes what 
is referred to as full-scale temperature compensation. 


Schematic of Kollsman absolute pressure pickup. Bimetal 
forks, used for compensation, limit both zero shift error and 
scale error. FIG. 7 
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FUEL FLOW TRANSMITTER 


The Eclipse-Pioneer aircraft fuel flow system 
consists of an Autosyn transmitter, Figure 8, mounted 
in the fuel supply line to the engine, and an indicator 
on the instrument panel. Fuel enters the inlet 
port of the transmitter and moves a vane against the 
restraining influence of a calibrated spring. ‘The 
position of the vane, indicating the velocity of flow, 
is transmitted to the Autosyn rotor through a bai 
and ring magnet coupling. Specifications require 
accuracy tolerances over a range of minus 67 to plus 
150 F. The calibration spring is of Iso-Elastic, a spe 
cial alloy by John Chatillon and Sons that will hold 
its load-deflection ratio within one per cent over 
the specified operating range. 


Cut-away view of Eclipse-Pioneer aircraft fuel flow unit using 
an Autosyn transmitter. Constant modulus spring material, 
Iso-Elastic, is used for the calibrating spring. FIG. 8 
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These Steps 
Lead to 
Good Computers 


THE GIST: Once a problem is clearly 
defined, final physical design of its 
computer proceeds by certain basic 
steps. Wide freedom of choice within 
this framework can result in several 
good designs for the same problem. 
But the basic steps must be followed. 

This is especially true if the com- 
puter is regenerative; i.e., if it contains 
closed loops. 

Take the problem of predicting the 
course and flying time for a tanker 
plane to intercept another plane for 
refueling. This requires a regenera- 
tive computer, even when confined to 
the azimuth plane for simplicity. The 
author follows the basic steps through 
an ac electromechanical instrumenta- 
tion to solve this problem. And he 
illuminates each step by application. 

Thus the principles and techniques 
described in four previous articles in 
this series are put to work in a realistic 
computer application. Down to the 
component level, alternatives are dis- 
cussed where they are important. But 
the emphasis is always on the basic 
procedure. 
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ANALOG COMPUTER 
REVIEW SERIES—5 


CLIFFORD F. ABT, American Bosch Arma Corp., Arma Div. 


The most common techniques in instrumenting 
an analog computer are mechanical, electromechani- 
cal, and electrical. Here the functional designer 
can apply the proper physical phenomenon that gives 
an analogous solution. 

Electrical or electromechanical instrumentation 
divides into ac and dc types. The ac electromechani 
cal technique is used here to demonstrate one 
typical approach to instrumentation. 

THE STEPS 

Once the problem has been clearly defined, these 
logical steps are followed: 

1—Establish the specifications—input and output 

requirements, static and dynamic accuracy 
requirements, environmental conditions, and 
special considerations such as characteristics of 
available power supplies and integration with 
related equipment. 

2—Derive the equations to be solved. 

3—Instrument the equations on a simplified func 

tional or block diagram basis. 

4—Do an approximate error analysis to select 

specific computing elements and establish their 
order of accuracy. 
5—Determine final instrumentation in detail—de 
fine electrical and mechanical scaling, compute 
circuit designs and servo designs, and compute 
element and servo performance specifications. 

6—Do a detailed error analysis of the final instru- 
mentation to assure adherence to performance 
specifications. At this point final accuracy and 
performance fixes can be made. 

The location of the computer’s input data source 
determines whether electrical scaled-voltage traus- 
mission or synchro transmission should be used. 
This article assumes close proximity and elects the 
less complex scaled-voltage transmission. 

(Continued on Page 78) 





THE METHOD APPLIED IN AN AIRBORNE REFUELING PROBLEM 


Assume that one plane, the ‘target, 


4a 


must be refueled in flight from 


another plane, the ‘‘tanker.’’ Contact must be made within range of a 
ground radar station without the target changing course or speed. A ground 
installed computer must use radar-supplied data to vector in the tanker on an 
intercept course, until the tanker’s own radar can take over and complete the 
mission without further ground assistance. The rendezvous point should be 
continuously changeable to keep the target on schedule and to its flight plan. 

For simplicity, assume that the target and tanker are flying at the same 
altitude and neglect these other real factors: computation of horizontal 
range and altitude; corrections of wind speed and course to compute 
tanker’s compass heading and air speed; tanker rate of climb calculation. 


COMPUTER SPECIFICATIONS 


OUTPUTS: 

The computer shall present numerically: 
C,;—tanker course 
T—time to fly to rendezvous point 


INPUTS: 
The ground control radar system shall supply 
these data as mechanical shaft positions: 
R—Range to target 
B—Bearing of target 
Ry—Range to tanker 
B.—Bearing of tanker 
C—Target ground course 
S—tTarget ground speed 


ALSO, A HAND SET INPUT: 
S:r—Tanker designated speed 


AND SOME MISCELLANEOUS DEFINITIONS: 
D—Target distance to fly to rendezvous 
D,—Tanker distance to fly to rendezvous 


SOLUTION LIMITS: 

The computer shall work within these limits: 
R—0O to 100 miles 
R;—0 to 100 miles 
B—0O to 360° 
B;—0 to 360° 
C—0 to 360° 
C;—0 to 360° 
S—300 to 600 mph 
S;r—200 to 400 mph 
T—0.5 to 30 minutes 
D—150 miles (maximum) 
D;—2 to 100 miles 


ACCURACY: 

The computer’s probable maximum error in: 
Cy;—shall not exceed an angular error 
equivalent to a distance across the 
tanker course of 0.5 mile or 2 per 
cent of tanker distance to fly, which- 

ever is greater. 
T—shall not exceed 0.1 minute or 2 per 
cent of the tanker time to fly, which- 

ever is greater. 


THE GEOMETRY AND THE EQUATIONS 


Figure 1 shows the geometry for the intercept prediction 
problem. The positions of the target P and tanker Pr are 
located relative to radar ground control station G by the 
respective ranges and bearings R, B and Rv, Br. The target 
and tanker distances to fly to the rendezvous point O are D 
and Drs, and their corresponding courses, C and Cr. All 
bearings and courses are measured in degrees clockwise 
from true north. The problem's solution can be found 
within the shaded triangle defining tanker course Cr, and 
the distance to fly Dr. 

The equations are written to produce the required outputs 
with the simplest instrumentation. Vector distances R, Rr, 
D and Dr must be resolved into their north and east compo 
nents, whereupon all input functions can be used directly. 
The following four equations can be derived 


Dr sin Cr = R sin B — Rr sin Br — D sin (C—180°) (1) 
Dr cos Cr = R cos B — Rr cos Br — D cos (C—180°) (2) 
D=ST (3) 
Dr = Sr T (4) 

which by combination and simplification yield 
Sr T sin Cr = Rsin B — Rr sin Br + S T sin C (5) 
Sr T cos Cr = R cos B — Rr cos By + S T cos C (6) 
All terms in (5) and (6) are known except required outputs 


Cr and T. Note that T appears in terms on both sides of 
the equations, producing a closed-loop computer. 


t 








Computation can be done with equal facility at 
60 or 400 cps. ‘These are the commercially common 
frequencies for electromagnetic computing and servo 
components. ‘The higher frequency is preferred 
where miniaturization is important. In general, 


however, frequency of available ac supply and com- 
puter size and weight restrictions decide. 
Environment significantly affects the instrumenta- 
tion. Large variations in temperature, for example, 
require more complex compensation circuits to 
maintain accuracy in certain computing elements— 
electromagnetic components in particular. 


PRELIMINARY INSTRUMENTATION 


For early appraisal of the various instrumentations, 
the solution is roughed out in a simplified functional 
form. ‘This facilitates investigation of the many 
possible approaches. 

The preliminary instrumentation for the demon- 
stration problem as developed from equations (5) 
and (6) is shown in Figure 2. The dashed lines 
represent mechanical shafts for the functions R, 
Ry, S, B, By and C in the radar ground control sys- 
tem. ‘These are geared respectively to resistance 
potentiometers X1, X2, X3, and resolvers RE1, RE2, 
RE3. The arrows designate functional flow. 

When potentiometer X1 is excited with a constant 


, 


(O to 100 mi) R 


voltage, the output is a voltage proportional to target 
range R. If this voltage excites a primary coil on 
resolver RE1, driven by a shaft representing target 
bearing B, the output of the two resolver secondary 
coils is proportional to R cos B and R sin B, which are 
the north and east components of the present target 
position relative to the ground control station. ‘lhe 
north and east components of the present tanker 
position Ry cos By and Ry sin By similarly derive 
from potentiometer X2 and resolver RE2. 

When potentiometer X3 is excited with a con 
stant voltage, the output is a voltage proportional 
to target speed S. If this voltage excites another 
potentiometer X4, driven by the “time to fly” servo 
$2, then the output is proportional to S times T, 
or the target distance to the rendezvous point. If 
the output of potentiometer X4 excites one primary 
coil of resolver RE3, then the output of the two 
resolver secondary coils is proportional to the north 
and east components of target travel S, cos C and 
Sr sin C, respectively. 

Summation of the outputs of resolvers RE1, RE2, 
and RE3 as per the signs in equations (5) and (6) 
gives S;I’ cos Cy and S7T sin Cy, which are the 
north and east components of the tanker distance 
to fly to the rendezvous point. If these voltages 
excite the two primary coils of resolver RE4, then 
the output of one secondary coil is an error signal 


Rr (0 to 100 mi) 


_ Arsin Br 





OD «mae 


REI| _ 


. LEGEND 





STsince 








(200 to 400 mph) 
EF a 
(0.5 to 30 min) 
SrT Error 


signal signal 


Preliminary ac analog computer instrumentation for the intercept problem chosen to demonstrate design procedure. FIG. 2 
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ST sinCy 


Ry cos Br 


Mechanical drives 
Constant voitage excitation 
Multiplier (Linear 

resistance potentiometer) 
Display dial or counter 
Booster amplifier 
Electrical computing circuits 
Voltage addition, Subtraction 
Resolver (Electromagnetic) 


Hand input 


Servo (Motor and amplifier) 


- 





TABLE 1 
APPROXIMATE ERROR ANALYSIS FOR PRELIMINARY INSTRUMENTATION 





FUNCTION 


COMPUTING ELEMENT 
(2) 








(1) (3) 
Magnitude of 
Input or its 
Nominal Contributing 
Maximum Equivalent 
Error in Miles 


Assigned 

Element 
Designation 
(See Fig. 2) 





COMPUTING ELEMENT ERROR CONTRIBUTIONS (MILES) 








(7) 
Case #4 


(4) 


Case #1 


(5) 
Case #2 


24 mi 
30 mi 
053° 
300 mph 
083 

51 mi 

20 mi 
092° 
200 mph 200 mph 
355° 355° 


30 min 6 min 


(6) 


Case #3 





100 mi 
150 mi 
270° 
300 mph 
083 
100 mi 
100 mi 
145° 


24 mi 
30 mi 
053 
600 mph 
083 

51 mi 
20 mi 
092 
400 mph 


48 mi 
6 mi 
068 
600 mph 
083 
52 mi 


4 mi 








x1 0.20% * 
RE1 
X2 
RE2 
X3 
RE3 
X4 
RE4 


100 
0.10 - 
0.20% 100 
0.10 Ry 
0.30 10T 
0.25% D 
0.05 % $/2 
0 25 D: 
x5 0.30%°° 20T/3 
X6 0.05 ° S7/2 
$1 5 milliradians (constant) 
$2 0.1 mile (constant) 


Columns (4) to (7) 
are products of 
columns (2) and (3) 
for function 
values in cases 
tabulated: 

Error in miles 
contributed by 
each element 


0.20 
0.10 
0.20 
0.10 
0.90 
0.38 
0.08 
0.25 
0.60 
0.05 
0.50 
0.10 


0.20 
0.03 
0.20 
0.05 
0.18 
0.08 
0.08 
0.05 
0.12 
0.05 
0.10 
0.10 





1.32 0.41 











Caiculated 


1.32 0.41 





Maximum Error across Cr (miles) rea 
Specified 


Calculated 


2.00 


0.40 


0.50 


0.12 





Maximum Error in T (minutes) Specified 


0.60 0.12 





*0.05% potentiometer with 0.15% allowance for error due to loading 
**0.10% potentiometer with 0.20% allowance for error due to loading 


that causes servo S] to position the resolver shaft 
to the tanker course, Cy. The output of the other 
resolver secondary coil is a voltage proportional to the 
tanker distance to fly, Sp times T, which is the 
resultant of the two input components. ‘The resolver 
and servo transform Cartesian to polar coordinates. 
The servo fills one of the output requirements, driv- 
ing a dial displaying tanker course Cp. 

To satisfy the second requirement that time to 
fly T be set up on a shaft for display, a servo divides 
the tanker distance to fly, S, times T, by tanker 
speed Sp. This is done by exciting potentiometer 
X5 with a constant voltage. When this potentiom- 
eter is positioned by hand input S,, the output is a 
voltage proportional to tanker speed. If this voltage 
excites potentiometer X6, driven by the “time to 
fly” servo $2, the output is proportional to tanker 
distance to fly, Sp times T. The output of potenti- 
ometer X6 is then matched against the output of 
resolver RE4, and the difference is an error signal 
that positions servo $2. The servo shaft assumes a 
position proportional to time to fly T. 

The lower part of Figure 2 shows that the instru- 


mentation here results in a closed-loop circuit. 

Computing circuit loading considerations and 
accuracy requirements, as shown in the following 
error analysis, determines the need for booster (100 
per cent feedback) amplifiers at the inputs to resol 
vers RE3 and RE4. These amplifiers have high 
input impedance, low output impedance, and a 
highly accurate and stable gain of unity. 


APPROXIMATE ERROR ANALYSIS 


A simple error analysis is necessary to establish the 
computing element accuracies needed to meet over- 
all instrument performance. If the functional dia- 
gram places too severe requirements on computing 
element accuracy, the instrumentation approach 
should be modified. 

The specified maximum error of a computing ele 
ment results from combined individual contributing 
errors. These are functions of materials characteris 
tics, manufacturing and standardization tolerances, 
and in the case of electromagnetic elements, varia- 
tions in voltage level, temperature and supply fre 
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quency. Consequently, the accuracy of any ran- 
dom element can vary between a specified maximum 
and some realizable minimum value. It can be 
either positive or negative. 

When a number of such elements are combined 
in a computing circuit, the composite error is less 
than the sum of the individual maximum errors. 
Experience has demonstrated that a root-mean 
square summation of the individual computing ele 
ment errors is a good representative performance 
figure for the computer. 

It is helpful to make a table to evaluate the 
various component errors. An optimum allocation 
of these errors can be reached by successively modify- 
ing the error magnitudes assigned to each component. 

‘Table 1 shows the results of an approximate error 
analysis for the demonstration problem. Although it 
is generally necessary to investigate a much greater 
number of configurations, Table 1 has been limited 
to those four cases defined by the conditions at the 
head of columns (4) to (7). The nature of the 
problem frequently yields considerably different 
errors along and across the solution vector. In these 
cases, the errors in the components of the solution 
vector must be separately computed. In this case, 
there are only minor dissymmetries which are neg 
ligible for an approximate error analysis. 

The lower part of Table 1 shows the rms summa- 
tion of the contributing errors taken as equal along 
and across solution vector Dy. Errors along Dy are 
crrors in time to fly T, and errors across Dr are 
errors in tanker course Cy. Note that the error 
contributions of the booster amplifiers (Al, A2, A3) 
are not tabulated at this stage. Their accuracy 
requirements can be decided during the final error 
analysis and specified so that they contribute negli- 
gible error to the overall solution. 


FINAL INSTRUMENTATION 


The functional designer, having established basic 
configuration of the analog instrumentation and 
order of accuracy of the various computing elements, 
now can proceed. Figure 3 is a two-line functional 
diagram that defines the computing circuitry in 
greater detail. It includes computing element inter- 
connections, electrical and mechanical scaling, and 
servo design considerations. 


Computing Elements 


Standard electromagnetic resolvers generate trig- 


onometric functions. Linear slidewire potentiom- 
eters multiply and convert mechanical shaft posi- 
tions to scaled voltages. Resolvers and potentiom- 
eters are available in a wide range of physical and 
electrical characteristics. Limits of rotation, overall 
resistance, precision of overall rotation, linearity, 
resolution, power dissipation, and economy dictate 
the choice. Additions and subtractions are done 
by series connection of scaled voltages. 
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Loading Considerations 


[xcept in the most elementary problems, comput 
ing elements must be cascaded. Connecting a resist 
ance load to a resistive element introduces ratio 
errors. Reactive loads introduce phase shift, affect- 
ing servo design and performance. Circuit loading 
problems can be eliminated by booster amplifiers. 
But instrumentation should be kept simple for 
reliability and economy. 

Loading correction is a study in electric circuits. 
‘Techniques to minimize ratio error and phase shift 
include selection of optimum impedance levels, 
dummy loads to improve error distribution, and scal 
ing corrections. ‘These are not in Figure 3. 

Potentiometers X3 and X5 must have low resist 
ances to minimize ratio errors caused by loads X4 and 
X6. On the other hand, X4 and X6 should be high 
resistance units to minimize loading X3 and X5, 
and to get high resolution. ‘Their influence on the 
T servo response demands high resolution. 

An external resistance equal to the potentiometet 
resistance is connected in series with X3 and X5, 
since the minimum aircraft speeds required are 
one-half maximum. This also reduces the powet 
dissipation and linearity requirements in these ele 
ments. Potentiometers X1 and X2 must have low 
resistance to minimize ratio errors and phase shift 
caused by the moderate impedance resolvers that 
load them. Resonating the resolver input impedance 
with shunt capacitance (not shown) also reduces 
ratio error and phase shift. ‘Ten-turn potentiometers 
are needed to satisfy power dissipation and precision 
requirements (see Table 1). Multi-turn potentiom 
eters with single-wire elements are available for appli- 
cations requiring infinite resolution. 

When desired accuracy cannot be achieved by 
direct-loading techniques, booster amplifiers must be 
used. Moderate gain amplifiers with about 100 
per cent feedback can give unity gain with high 
stability. The application of booster amplifiers Al, 
A2, and A3 in Figure 3 is a typical example. 

Circuits should be isolated where necessary to 
permit grounding of all amplifier inputs and to 
avoid recirculating grounds which introduce comput 
ing errors. Precision transformers can isolate com- 
puting circuits; and low accuracy transformers, servo 
error-signal circuits. The latter is preferable if a 
choice is possible. 


Electrical Scaling 


All resolvers are assumed in Figure 3 to have a 
primary to secondary voltage ratio of unity. Ratios 
in standard resolvers commonly vary from unity. 
This can be compensated for in the overall comput- 
ing circuit with scaling corrections. A potentiometer 
has a unity output to input ratio when the zero to 
maximum range of the mechanical input equals the 
rotation between its electrical end points. 

The electrical scaling of the computing circuits 
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Two-line diagram of the final instrumentation for the intercept prediction computer. FIG. 3 


is shown in Figure 3. The basic scale of 1 volt 
equals 10 miles is used for distance functions, estab 
lishing the constant voltage inputs to potentiometers 
X1 and X2 at 10 volts (equivalent to 100 miles). The 
constant input to X3 is 30 volts, since a maximum 
target speed of 600 mph and a maximum time-to 


fly of 30 minutes mean a maximum possible target 
travel of 300 miles at the output of X4. Note that, 
though the computer is not required to handle a 
target travel in excess of 150 miles, this circuit still 
must be scaled for the maximum values of the func- 
tions positioning the individual computing elements. 
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The constant input to potentiometer X5 is estab- 
lished at 20 volts. From this basic distance scale, 
the speed scale at the output of potentiometers X3 
and X35 is 1 volt equals 20 miles per hour. 

The three constant input voltages applied to the 
input of potentiometers X1, X2, X3, and X5 must be 
sufficiently accurate with respect to one another to 
introduce negligible solution error. If the 10-volt 
input to potentiometers X1 and X2 (connected in 
parallel) is taken as the reference, the 20- and 30- 
volt constant inputs can easily be established within 
0.1 per cent by a tapped autotransformer, since circuit 
isolation is not required. It is only necessary to 
maintain the relative accuracy between these three 
constant input voltages, not absolute voltage levels. 


Mechanical Scaling 


Mechanical scaling establishes proper relative rota- 
tion between the various mechanically coupled com- 
puting elements driven by a given function. The 
scaling is done by gearing or other synchronous 
mechanical coupling. High accuracy is possible. 
Backlash introduces positional errors, however, and 
must be limited to be compatible with comput- 
ing element accuracy. 

Resolver shafts are positioned in this problem at 
one-speed (1X), i.e., one turn of the resolver for 360 
degrees change of the positioning function. 

The potentiometers are ten-turn units with 3,600 
degrees between their electrical end points. Their 
shafts must rotate at the proper relative speed, so 
that the full range of the driving function covers 
3,600 degrees. 

Other mechanically driven devices in a computing 
unit must be properly designated by limits of rotation 
and relative shaft speeds. 


Servo Performance Requirements 


The performance demands of the overall computer 
dictate servo performance specifications. ‘These decide 
the type and speed of the servo motor, the servo am- 
plifier power and gain characteristics, the kind and 
amount of damping, and the compliance permissible 


in mechanical interconnections. ‘These specifications 
also define the friction and inertia of the mechanical 
load, the static accuracy, the accuracy under velo- 
city and acceleration conditions, and the dynamic 
response to step functions. 


Servo Error Signal Sensitivity 


The sensitivity of the error signal—the magnitude 
of the error signal developed for a forced unit-dis- 
placement of the servo—has a significant effect on 
servo design. All other conditions being equal, high 
sensitivity requires less voltage gain in the servo 
amplifier. When the sensitivity is variable, hinder- 
ing proper servo performance over the range of 
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variance, an attenuator is needed in the error signal 
circuit to minimize the variation. 

In the case of servo T, if tanker speed S,y is set at 
the mid range (300 mph), a displacement of the 
shaft of 0.01 minute produces an error signal of 
5 millivolts. For the corresponding maximum and 
minimum speed settings (400 and 200 mph) the 
error signal is 7 and 3.5 millivolts, respectively. This 
small variation in sensitivity is not significant. 

For the Cy servo, however, the error signal 
sensitivity has a considerably greater variation. When 
tanker distance to fly Dy is at its maximum of 100 
miles, the maximum voltage vector in resolver RE4 
is 10 volts. At the minimum Dy, of 2 miles, the volt- 
age vector is only 0.2 volt. The error signal 
sensitivity would thus vary between 10 and 0.2 
millivolts per milliradian, respectiv ely. Since accept 
able servo performance is not practical with a 50-to-l 
variation in sensitivity, an attenuator, AT, is used 
in the error signal circuit. The attenuator is an 
amplifier with a gain inversely proportional to control 
signal Dy. If the attenuator has a maximum gain of 
sO) when Dy, is 2 yards, then a constant sensitivity 
of 10 millivolts per milliradian is attained at its 
output. Low accuracy is generally adequate. 


Effects of Quadrature and Harmonics 


All computing voltages are called in-phase volt 
ages to differentiate them from undesirable quad- 
rature voltages caused by reactive computing 
elements. The error signals in an analog computer 
are derived by comparing two in-phase computing 
voltages either by direct voltage subtraction or mag 
netically within a resolver, such as in RE4. If these 
voltages are not well matched in phase, high quadra 
ture voltage develops. If it saturates the motor ampli- 
fier, servo performance deteriorates. 

Harmonics either in the computer voltage supply 
or generated by the various computing elements 
also can help saturate servo amplifiers. This is 
particularly important if electromagnetic computing 
elements are used. Harmonics undergo phase shifts 
different from the fundamental computing frequency 
when passing through reactive elements. ‘They may 
not balance out, therefore, when two computing 
voltages are matched to get an error signal. 


FINAL ERROR ANALYSIS 


Now that the instrumentation is final, do a more 
detailed error analysis. ‘This will finally decide the 
computing element and servo accuracy requirements. 

Here the functional designer must work out the 
loading problems in greater detail. He must investi- 
gate ways to optimize error distributions found by 
the approximate analysis. Careful review at this 
time may reveal the need to tighten certain com- 
ponent accuracies. Or it may permit lower accuracy 
or circuit simplification. 
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The Berkeley Tape-to-Card Data Reduction Sys- 
tem shown here was designed to meet the specific 
needs of flight data handling stations operated by 
a major aircraft manufacturer. 


FM signals from suitable transducers aboard the 
aircraft, representing such data as airspeed, altitude, 
temperatures and pressures, are tape-recorded 
either aloft or at ground stations. The Berkeley 
system converts the FM signals to digital form, 
automatically punches the data on IBM cards. It 
punches 30,000 points into the cards in 30 minutes 
—a job that formerly required 80 man-hours! 


Automatic Compensation for Tape Speed Variation 
Accuracy is far beyond that of present airborne 


components. Compensation for errors due to tape 
speed variation is automatic. It provides a low-cost 
system for digitizing frequency-modulated informa- 
tion in convenient form for processing or storage. 


The Berkeley Tape-to-Card Data Reduction sys- 
tem is a typical product of the Berkeley Systems 
Engineering Group. This unique facility offers a 
fully-integrated systems design, manufacture and 
installation service from a single source, with single 
responsibility. They’re ready to meet your needs, 
whether they involve data reduction, automation of 
a single operation or an entire production or process- 
ing cycle. Why not investigate now? Please address 
Dept. L6. 
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IDEAS AT WORK 
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This Mercury-go-round squirts the liquid metal 


through a hair-sized nozzle to switch signal 


samples at 12,000 per sec without contact 


wear or bounce. 


An exploded view of the 
rotary jet switch. Fig. 1 


By W. R. DAVIS and J. H. DERRY, 
Detroit Controls Corp. 


The idea of using a stream of con- 
ducting liquid, like mercury, as the 
wiper in a rotary switch was first men- 
tioned in a patent dated 1901. It 
lay dormant until recently, when a 
number of groups working on tele- 
metering revived interest in mercury 
rotary switching. 


THE PROBLEM 


In one basic type of telemetering 
system, a transmitter obtains a sam- 
ple of each of several signal sources. 
It transmits these samples over a chan- 
nel to a distant receiver which sepa- 
rates them into independent channels 
for observation or recording. 

A simple way to make a telemeter- 
ing system that operates this way is 
to use two synchronized rotary 
switches. Each position or contact 
of the transmitting switch is con- 
nected to a different signal source. 
The rotor, or wiper, turns continu- 
ously, sending out a sample of each 
input with each complete turn. A 
similar switch is used as a receiver. 

The receiver’s wiper, synchronized 
with the transmitter’s, distributes the 
incoming samples to each of its con- 
tacts in the same order as they were 
transmitted. Of course, the faster 
the original signals are changing, the 
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faster they must be sampled; other- 
wise some inputs might go through 
great changes between samples. Com- 
mutators with as many as 100 con- 
tacts have been operated at up to 
2,000 rpm to accomplish this. How- 
ever, high speeds tend to create con- 
tact bounce and rapid wear of rub- 
bing surfaces. Contact bounce, which 
varies “on” time for each contact 
or alters its resistance, affects the char- 
acter of each sample. As a result, 
there has been interest in develop- 
ing new types of rotary switches for 
high-speed telemetering. 

One group so interested is the Uni- 
versity of California Radiation Labora- 
tory. After carefully considering a 
variety of possibilities, UCRL decided 
to experiment with a mercury jet 
switch for a telemetering system. The 
approach looked promising, and as a 
result, Detroit Control Corp. received 
a contract in 1954 to develop and build 
two synchronized mercury jet switches. 


SWITCH OPERATION 


The design of the mercury pump 
for the switch, built by Detroit Con- 
trols, is very simple: the spinning 
rotor scoops up mercury from a sump, 
or well, at the bottom of the switch, 
lifting it to a circular pool. Centrif- 
ugal force develops enough force to 
eject the mercury from this pool 
through a small nozzle at a speed of 
63 ft per sec. Figure 1 is an exploded 
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view of the inside of the switch, 
showing the mechanical simplicity of 
the pump. 

The use of an acrylic plastic rotor 
initially caused trouble by allowing 
static electricity, created by atomiza- 
tion and swirling of the mercury, to 
accumulate to high potentials and 
then discharge to the central pool, 
creating a noisy spike (or pulse). Sub- 
stituting a metal rotor to conduct the 
static charges to the central pool 
cleared up most of this difficulty. 
The magnitude of the static noise 
remaining after this change is rela- 
tively small. With the switch work- 
ing into a 4 megohm load, 1 v noise- 
spikes lasting about 20 microsecs are 
created at a rate of about one per 
sec. Into a 10,000 ohm load spikes 
of 4 v magnitude lasting one micro- 
sec occur about once every two min- 
utes. These noise levels, especially 
with 10,000 ohms impedance, are 
relatively inconsequential in terms of 
the accuracy of the entire system. 

The lid of the machine, its stator, 
is shown in Figure 2 (looking down 
from the outside). It contains 240 
stainless steel pins 0.014 in. diam on 
a 3 in. diam circle. This means they 
are 0.040 in. center to center or 14 
deg apart. The space between pins 
is therefore 0.026 in. With this spac- 
ing, it was found that a jet nozzle 
bore range from 0.003 to 0.007 in. 
diam provided best operation. Na- 





turally, the wider the nozzle the wider 
the jet, and the wider the jet the 
longer the contact or dwell time on 
each pin. With the 0.026 edge to 
edge spacing of the pins, the switch 
operates as a “shorting” type. That 
is, it makes contact with the next 
point before breaking with the one 
being left. By using only alternate 
pins, a non-shorting 120 position 
switch is obtained. ‘The intermediate 
contacts are referred to as “floating.” 
At rotor speeds of 60 rps, with a 
120 position stator, 140 mecrosec 
elapse between identical portions of 
two successive contacts, so that 50 
percent ‘“‘on” time corresponds to 70 
microsec. Using the 0.003 in. diam 
nozzle, with the floating pins _re- 
moved from the stator, a minimum 
“on” time of 28 per cent is produced 
while with a 0.007 in. diam nozzle 
bore, this is 57 per cent “‘on” time. 
By using these floating contacts, 
however, a maximum of 90 per cent 
“on” time can be achieved with 0.008 
in. diam nozzle. The spacing be- 
tween end of the nozzle and the con- 
tact pins was not critical within the 
range of 0.005 in. to 0.050 in. 
High speed oscilloscope studies of 
a square wave produced by the switch 
indicate that the leading edge starts 
at the same place for each cycle, and 
requires less than one microsec for 
completion. Toward the trailing edge 
of the wave, however, the final 5 or 
10 per cent of the pulse displays un- 
certain operation. This variation takes 
place only on the trailing edge, alter- 
ing the length of the signal by a 
maximum of 10 per cent. Figure 3 
is an example of this phenomenon. 
The current handling capacity of 
the switch depends on the character 
of the load. Attempting to interrupt 
a current of 0.1 amp working into 


a 2000 ohm resistive load caused arc- 
ing at the contact pins, but interrup- 
tion of 0.15 amp into a 10 ohm re- 
sistive load caused none. Currents 
up to 10 ma can be handled easily 
for most load conditions. The con- 
tact resistance of the switch is about 
1.4 ohms in a 1 v circuit. There is 
the possibility of mercury skum (mer- 
cury oxide for the most part) clogging 
up the pump, but about one thou- 
sand operating hours have been 
logged to date and many more thou- 
sands should pass before danger of 
clogging. Rotor speeds of up to 100 
rps have been obtained, providing up 
to 12,000 samples per sec. 


PHASE SYNCHRONIZING SYSTEM 


Because synchronous motors run 
exactly at line frequency, or some 
integral subfraction thereof, one of 
the simplest ways of keeping two re- 
motely situated rotary switches syn- 
chronous is to drive each by a syn- 
chronous motor operating from a 
common power supply. It was dis- 
covered that many synchronous mo- 
tors commercially available exhibit 
oscillations about true line phases. A 
sudden external torque or line voltage 
variation will cause this irregularity, 
which can alter the instantaneous 
phase match between two similar mo- 
tors enough to reduce the effective 
contact dwell time by as much as 10 
per cent. Both simple and com- 
pound flywheels were coupled to the 
motors in an attempt to smooth out 
and damp these oscillations, but the 
phase stability was still inadequate for 
the precise phase match desired. But 
an electrically damped hysteresis syn- 
chronous motor made by the Electric 
Indicator Co. of Springdale, Conn., 
was found to exhibit enough stability 
to limit maximum phase differences 
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3600 rpm 


to hold the maximum dwell time re- 
duction to about 3%. 

The exact phase match of the two 
switches is achieved by a reference 
pin on each switch. The electrical 
phase of the power to one of the 
switches is advanced until the two pins 
are contacted simultaneously. 

A block diagram of the system for 
automatically keeping the switches in 
phase is shown in Figure 4. The ref- 
erence pins on each switch are main- 
tained at a large negative bias, where- 
as the other circuits are at a zero or 
positive potential. Proper operation 
of the transmitter (send switch Figure 
4) causes a negative reference pulse 
to be generated across R 1. This 
pulse triggers a 60 cycle square wave 
reference (gating) voltage. Operation 
of the receive switch at an arbitrary 
phase with respect to the transmitter 
causes a positive error pulse to be 
generated across R 2. With the elec- 
tronic “gates” this error pulse occurs 
in that half cycle of the reference volt- 
age either before or after the one initi- 
ated by the reference pulse. 

The phase-detected error pulse is 
then integrated, amplified, and ap- 
plied to a de motor. This motor 
drives, through a 1,000 to 1 reduction 
gear, a resolver phase shifter capable 
of advancing the phase of the power 
to the receiver through 360 deg in 
a continuous fashion. By this means 
the phase of the receiver rotor is ad- 
vanced until the receiver reference pin 
is contacted at the same time as the 
reference pin in the transmitter. 

This causes the error pulse to dis- 
appear, (because of the high source 
impedance of the negative bias volt- 
age on the receiver compared to the 
low source impedance of the bias on 
the transmitter) and thus the motor- 
resolver stops. 
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If you want a compact, wire- 
wound resistor for your tough 
jobs, specify Ohmite axial-lead 
resistors. These power-type units 
are designed to stand up under 
high temperatures. All parts— 
core, resistance wire, vitreous- 
enamel coating, and terminal 
bands—are “thermally bal- 
anced” to expand and contract 
as a unit. Terminals remain 
firmly anchored, cracking is 
eliminated, and moisture can- 
not enter the resistor. 


(If 
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axial-lead 


© HMI & 


vitreous-enameled resistors 


18 SIZES— 3 to 15 WATTS* 
3/16”, 1/4” and 5/16” diameters—1/2” to 1-3/4” lengths 


*The rating for any one size is determined by the maximum operating tem- 
perature as specified by Underwriters’ Laboratories, RETMA, or MIL-R-26B. 


OHMITE RESISTORS HAVE 
_—> THERMAL EXPANSION 
2 3 


Its thermal expansion Exclusive Ohmite formula 
closely matches all other thermally matches core, 
materials in the resistor. 
Write for Bulletin 147 


OHMITE MANUFACTURING COMPANY 
3674 Howard St., Skokie, Illinois (Suburb of Chicago) 
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Simple Loop Controls Power for Whole State 


Power networks can be regulated with new levels of 


precision by a compact automatic control system built 


on a simple proportional-plus-reset loop. 


S. CUMMINGS 
Minneapolis-Honeywell Regulator Co. 


In a recent test of the fundamental 
parts of the Minneapolis-Honeywell 
load-frequency control system at Deni- 
son Dam, Tex., the load dispatcher 
was able to control a power system 
serving the entire state. By regulat- 
ing the output of only two 37.5 kva 
hydro generators, he was able to hold 
the frequency of a 1,000 megawatt 
system within plus or minus 0.03 
cycles, in spite of rapid load swings 
caused by the fluctuating demands 
of large stee] mills in the southern 
part of the state. The first complete in- 
stallation of the basic system described 
by the diagram is taking place at 
the Niagara Mohawk Power Corp. 
to control the Huntley and Dunkirk 


stations from a dispatcher’s office in 
Buffalo. 

Formidable as the diagram may 
seem, its objective is basic enough: 
the economical regulation of transmis- 
sion line load and frequency through 
the control of the generators in the 
system. Electric companies sell cur- 
rent to each other at different times 
during the day, depending on local 
supply and demand. This process is 
called interchange. Another variable 
that is of concern to power companies, 
besides load and frequency, is the total 
accumulation of time error that results 
from frequency drift and is regis- 
tered by all the clocks in the system. 
When a number of generators at differ- 
ent locations having different capacity 
and efficiency characteristics are joined 
in a system, the contributions that 
each shall make to the requirements of 


the entire network become 
thing to calculate. 

In a conventional control system, 
the load dispatcher notes the inter- 
change, frequency and time errors. He 
determines the load centers and tele- 
phones instructions to each station in 
the power system so that all stations 
will divide the new total load in the 
most economical manner. To do this, 
the station operators vary the speed 
adjustment setting of the governors so 
that all generators will carry loads ac- 
cording to their incremental heat rate 
curves. A penalty factor has been added 
to provide for transmission losses. 

The complexity of the system and 
the mass of the economics involved 
would seem to warrant the use of 
equipment for better regulation than 
is possible with human operators. 

The present system can best be 


no easy 
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A) | : 
This Is What I Want in a Potentiometer”’ 





Versatility —A potentiometer to meet a wide 

field of applications without additional design 
changes. 

Permanent Accuracy—Resistance element in- 
tegrally molded within the housing. All leads, 
taps and terminals firmly encapsulated, perman- 
ently locked in place. 

Long Life—Rigid, fixed lead screw to guide 
contact over resistance element. 

4 Dependability—A potentiometer that possesses 
excellent mechanical and electrical stability 
under extreme environmental conditions. 

* Absolute Linearity—A potentiometer with line- 
arity built into it. I don’t want to hunt for linearity 
by trimming. 

Specifications —lt must meet my rigid commer- 
cial and Jor military equipment requirements. 

Availability—! want the model that fits my 
needs readily available in production quantities. 
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described as being of a computer 
command type with a computer at the 
pinnacle of a pyramid. This pinnacle 
represents the dispatcher’s office. Com 
mands issue from this point to all sta 
tions and the various machines in these 
stations that are on control. ‘These 
stations represent the broad base of 
the pyramid. The computer, which 
is called Area Requirement, adds the 
deviation error signals of the following 
quantities: 1) the tie-line deviation 
from set-point; 2) frequency deviation 
from set-point; 3) time error from zero 
time error. 


THE DIAGRAM 


Telemetered signals, showing load 
conditions (power consumption) in 
various areas are received in the chief 
dispatcher’s office and added in a 
totalizer to give “net interchange”’ 
(total power exchange through the 
system). ‘This quantity is compared 
with the schedule (the net interchange 
set point). The system also incorpo 
rates a program device which auto 
matically adjusts the net interchange 
set point to allow for such known 
changes as industrial load in the morn- 
ing, lunch hour lull, and extra loads 
during special seasons. A time delay 
mechanism allows the program to be 
set some hours before these changes 
actually become operative. If a differ- 
ence between schedule and net inter- 
change is detected an error signal is 
forwarded. 

Similarly, system frequency is com 
pared with its setpoint and system 
time is compared with standard 
time. Any error signals are added 
together and applied as input to the 
area-requirement computer. The net 
error signal goes from the area-require- 
ment computer to a controller that 
incorporates proportional and reset ac- 
tions. These may operate together or 
separately. The resultant proportional- 
plus-reset corrective signal is sent to 
an incremental loader on which curves 
have been laid out for the various 
stations according to the optimum 
power contributions each should make 
under different load conditions of 
the network. ‘These curves of each 
station’s contribution are based on 
their heat rates (efficiency) and may 
include a penalty factor set in manu- 
ally or automatically to account for 
transmission losses. 

That is, even though station A 
might develop 100 kw much more 
efficiently than station B, the distance 
between A and the load might, after 
the transmission loss had been noted, 


make it more economical for station 
B to supply the need. 

The separate signals from the in- 
cremental loader are telemetered to 
the various stations being controlled. 
Within each station, a signal is sent 
to a station incremental loader, which 
is similar to the system incremental 
loader. Just as the incremental loader 
was set to regulate the power output 
of each station for maximum eff- 
ciency in the net, now in the station 
the incremental loader will distribute 
the work to each generator according 
to its heat rate. As the generators 
react to the new signals from their 
incremental loader, the operation of 
the entire system is completed. 

The sum total of information ob- 
tained at the tie points and from other 
sources has been delivered to a con- 
troller, relayed to the generators as a 
control signal, and fed back as power 
generated to the tie points. The sys- 
tem sounds alarms in the event of 
component failure and has high-low 
limits. 


PROPORTIONAL AND RESET ACTION 


The rapid response of the control 
system to sharp load swings is made 
possible by the addition of a propor- 
tional signal to the reset control signal. 
When a sudden sharp load change, or 
transient, occurs, the proportional 
signal, a fast speed signal, is directly 
proportional to the rate of the tran- 
sient’s appearance, and the rate of the 
transient’s disappearance is directly 
reflected by the ratio of the disappear- 
ance of the proportional signal. The 
reset signal is a slow speed signal, 
operating simultaneously but at such 
a slow rate that its effect is negligible 
in the case of a sudden transient. If 
the transient is of longer duration (a 
square wave instead of a pip) the 
“proportional-plus-reset” action con- 
sists of the following. The propor- 
tional signal disappears as the system 
returns to balance, but the reset part 
of the signal continues to feed into 
the incremental loader to return the 
actual frequency to its control point. 

The individual circuits of the load- 
frequency control system are ele- 
mentary, and compounding them is 
relatively simple. Hence, we find 
that the basic notions of the instru- 
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ment engineer make possible the as 
sembly of a system for the automatic 
control of an entire electric power 
network for optimum economy and 
quality. 


WHY USE IT? 


It will be some time before we 
learn how long it takes for such a sys 
tem to amortize itself. We know it 
reduces expenses because it gives 
closer control and faster correction 
than any other control method. 

It will rarely reduce a payroll, be 
cause most power systems are down 
to minimum personnel already. A 
human being will always have to be 
in attendance for certain decisions 
on schedules, interchanges, routings, 
emergencies. 

The electric utilities sell power, 
not voltage or frequency. But for 
many technical and economic reasons, 
voltage and frequency must be held 
constant. Of course, any excessive 
voltage would bring complaints of 
burned-out equipment. Many trans- 
formers, motors, heating elements, 
and other equipment don’t operate 
properly or are damaged by low volt 
age. 

Also remember that 

P—EI= FRand 

that transmission lines and all con- 
ductors heat up and deteriorate when 
carrving too heavy a current. So, 
when XYZ company starts up its 
rolling mill, it needs a certain amount 
of power (P) to turn the motor. If 
the voltage (E) is below standard, 
the motor will draw excessive current 
(I) in order to make the product 
EI equal the required P. The heavy 
current causes trouble all over; in the 
motor, on the transmission lines, 
transformer, generators, and so on. 
And because the resistance in alter- 
nating current lines is made up of 
reactances and inductances as well as 
straight resistances, the heavy current 
also fouls up phase relationships and 
power factors, causing the electric 
company to send out more power than 
it can charge for. 

In the final analysis, it’s in the best 
economic and public relations inter- 
ests of an electric utility to maintain 
exact frequency and to balance de- 
mand and output. 


FEEDBACK FACT 


Posed: A non-smarting way to quickly research smog. 


Solved: By Armour Research's ‘’aerosoloscope’”’ which opti- 
cally metes, sizes, then counts the stuff.”’ 
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throughput 


quality 


costs 


Here are the first “Consolidated-Phillips” 
continuous process analyzers . . . units which 
provide analytical data while it’s valid, before 
variables have changed. With these two in- 
struments on stream, product quality and 
production go up... costs go down. You can 
install and maintain them for less, on an 
hourly basis, than a laboratory technician’s 
salary. They need no elaborate facilities, can 
operate out-of-doors, are completely explo- 
sion-proof. 

Consolidated-Phillips process analyzers have 
been proving their ability ...and dependa- 
bility... under actual plant conditions for 
several years. Originally designed and for- 
merly manufactured by Phillips Petroleum 
Company, they are now backed by Consoli- 
dated Engineering’s nationwide service or- 
ganization . . . assurance of interruption-free 
operation for years to come. 


Consolidated Engineering 


Corporation 


process 


refractometer 
(Type 38-201) 


For monitoring or control of 
fractionating towers and stream 
blending operations. Automatic 
control can be established through 
completion of composition- 
actuated feedback loop... or 
information can be telemetered to 
pen recorders in the refinery control 
room. SEND FOR BULLETIN 
CEC 1839-X2. 


infrared 


analyzer 
(Type 38-101) 


Handles up to five streams at a rate 
of 5 analyses per hour per stream, 
ie., 12-minute cycle period. 
Increases fractionator capacity by 
holding product composition steady 
and minimizing operational 
fluctuations. Eliminates the time 
lag between sampling and labora- 
tory batch analysis. SEND FOR 
BULLETIN CEC 1840-X2. 


Whether your process instru- 
mentation needs are for a single 
unit or a complete analysis-and- 
control system, you'll find it 
will pay to talk to a CEC Field 
Engineer. Write us today. 


ELECTRONIC INSTRUMENTS 
FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, 
Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Boston, Buffalo, Chicago,, Dallas, 
Detroit, New York, Pasadena, Philadelphia, San Francisco, Seattle, Washington, D.C. 
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Servos vs. Spirals 


Make Light 


Planes Safer 


KENNETH M. MILLER, Lear, Inc. 


Engoge switch 
Controller 


Here’s a reliable yet inexpensive 


system that prevents the often-fatal 


spiral dive than threatens light 


planes 
hands. 


flown by 


Light planes with too few instru 
ments, and pilots with insufficient ex- 
perience make a dangerous combina 
tion. A sudden meeting with IFR 
(instrument flight rules) weather, no 
contact with the ground and the hori- 
zon, and the result often is a “‘grave- 
yard spiral.” The name fits because 
few pilots ever recover from this 
“maneuver.” 

With no real or artificial horizon, 
a plane quickly departs from level 
flight. In a slight bank, it will turn 
and lose altitude. The pilot may no- 
tice that he is losing altitude and 
gaining airspeed. If he pulls back on 
his stick he tightens his spiral and he 
still gains airspeed. The outcome is 
usually either structural failure of the 
plane due to high acceleration forces, 
or a crash. 

The “ARCON” system (auto- 
matic rudder control) prevents the 
initial turn that could end in the 
graveyard spiral. The entire system 
is shown in Figure 1. 


Rate Gyro 
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Amplifier 


Wing spor 
Rate gyro 


A typical ARCON installation. Gyro responds only to rate 


of turn about a vertical axis relative to plane. 


\RCON gets its sense from a 
rate gyro that is extremely sensitive 
(1 volt output for 36 deg per min) to 
turning of the plane. ARCON drives 
the plane’s rudder to get an opposing 
rate of turn. Since the system is a 
rate servo, it needs an error to act. 
Though this error is kept small 
through very high loop gain, a long- 
time (order of many minutes) drift 
in the aircraft’s heading may result. 
And ARCON is a single-axis system 
only. It is not, therefore, an auto- 
pilot. 

[he system is diagrammed in Fig- 
ure 2. ‘The rate gyro produces an ac 
output voltage with an amplitude pro- 
portional to turning rate, and phase 
dependent on direction of turn. ‘The 
bridge rectifiers change the signal to 
de for the control windings of the 
magnetic amplifiers (there are no 
vacuum tubes anywhere). ‘The mag- 
netic amplifiers give ac outputs again, 
but at a much higher power level. 
This signal is then rectified te ener- 


Servo 
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Ac power ‘ 








Powdered iron 


14/28 volt dc power input clutchs 


Torque is applied to rudder by magnetic particle clutches. 
Servo loop is closed by reaction of air on rudder surface. FIG. 2 


FIG. 1 


gize magnetic particle clutches. 

Che clutches are geared to a con 
tinuously-running de motor. They 
supply torque to the rudder propor- 
tional to the rate of turn signal from 
the gyro. Servo response is excellent 
because of the lead circuits in the 
amplifier and the low time constant of 
the clutches. Full output torque is 
reached in 10 millisec. 

Rudder direction depends on the 
clutch energized. The rudder is con 
nected to the clutches through the 
cables and capstan. The capstan as 
sembly is mounted on the airframe, so 
the servo drive can be removed with 
out disturbing the cable rigging.. 

The drive motor runs on the plane’s 
12- or 24-volt de electrical system, 
and is rated at 1/40 hp at 5,000 rpm. 
\ unique feature is the ac alternator, 
on the same shaft as the drive motor. 
It supplies 115 volts three-phase at 
400 cps for the gyro and magnetic am- 
plifiers and is rated at 15 volt-amperes. 

The entire system is used in both 
good weather and IFR weather. A 
slip clutch in the capstan assembly 
permits the pilot to operate the rudder 
normally, overriding ARCON in case 
of malfunction or to make small 
changes in course. 

The system has been engineered 
for maximum reliability. The mag- 
netic amplifiers and the gyro are 
hermetically sealed. All wiring is 
etched to eliminate breakage from vi- 
bration. The entire ARCON system 
weighs only fifteen pounds. It costs 
$800, plus installation. 
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A CENTRAL PROGRAMMER PULSE-COMMANDS UP 
TO 40 OPERATIONS USING CODED RELAYS... 


The panel above is strictly for dem- 
onstration. IBM has found it a handy 
way to display the components and 
functions in its new Central Control 
System—an automatic programming 
scheme which will start and stop up 
to 40 groups of remote operations in 
a process, plant, or large land area. 

On the left in the board above is 
the master programming panel. This 
is simply an electronic rotary trans- 
mitter which generates “command” 
pulses of from 2,106 to 19,000 cycles. 
These are coupled directly into a 
plant’s low voltage lighting circuit or 
to high-voltage power distribution 
systems. On the panel’s face are in 
activating switches and _bull’s-eyes 
lights identifying each on-off circuit. 

A look at the other components 
on the demonstration board shows 
what the system can do to a plant or 
process. The pulse commands, for 
example, start motors, turn on plant 
lights, operate valves, switch equip- 
ment, and even toot the lunch 
whistle. 

Note that every operating function 
on the display board is flanked by a 
black box. This is the function actu- 
ating unit, an IBM special called a 
Dual Coded Relay. Four types are 
available. All consist of a basic elec- 
tronic receiver, an electro-mechanical 
decoding device, and load relays. The 
receiver selects the tuned frequency 
signal, amplifies it, and applies it to 
a cold cathode tube. This triggers the 
decoding mechanism, which can pin- 
point any one of ten “on” or “off” 
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codes which come in on the one car- 
rier frequency and operate the appro- 
priate relay. 

As the accompanying _ pictures 
show, the decoder is quite simple. It 
consists of a motor-driven cup with a 
gate designed to accept signals which 
are properly coded. The incoming 
pulses and their time duration drive 
this cup around to each of ten posi 
tions. Signal contacts are made 
through positions of a contact lever 
and signal duration cam. Interna- 
tional Business Machines Corp., 590 
Madison Avenue, New York 22, N. Y. 


Circle No. 4 on reply card 


The Dual Coded Relay with its cover 
removed. Note manual toggle and 
key for pulse lock-out. Sketched be- 
low is the rotating coded receiver cup 
and its working parts. 


LISTING IN GROUPS 


Supervisory Systems 
Pumps in Control 


Torque and Its 
Transmission 


Digital Devices 
Valves for Control 
Powering Products 


Relays & Switches 
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..- AND THIS CENTRAL SUPERVISOR EMPLOYS 


STATIC SWITCHING FOR PRODUCTION-PROCESS CONTROL 


A bus duct welder is controlled by a “Cypak” system—the standard 
panel studied by girl—replacing the relay control cabinet below it. 


Westinghouse has drawn upon its 
know-how in magnetism and semi- 
conductors in designing this new cen- 
tral control system for sequencing and 
scheduling production-processing op 
erations. At the heart of the design, 
called the “Cypak,” are static devices 

the magamp and the diode—that 
perform functions normally handled 
by electro-mechanical relays. 

The pictures above show space 
saved by a typical “Cypak” system. 
This is an automatic bus duct welder, 
with controls housed in cabinets to 
the right of the machine. Function 
of the controls: to repetitively posi- 
tion and weld a piece of work, with 
necessary starting, stopping, and in 
terlocking features. The young lady 
has unveiled the compact “Cypak’’ 
panel with its static control devices. 
Shown below the “Cypak” is the 
original relay system that it replaced 


IMPROVING ON THE RELAY? 


Comparison of the characteristic 
curves for the relay, magnetic circuit, 
and transistor circuit reveals interest- 
ing similarities. All are sharp, step- 
function curves providing memory 
and comparative freedom from asso- 
ciated components. And all provide 
an output larger than input, which 
permits cascade connection. Because 
of these similarities, Westinghouse 
engineers feel that the more durable, 
rapid solid-state devices can be sub- 
stituted for many industrial switching 
jobs. 


in this welding operation. 

Some other “Cypak” systems now 
under test: a simple punch-press con- 
trol and a more complicated spiral 
milling machine control, an ingot 
feed and removal system for a soaking 
pit, a programmed blast furnace 
charger, an electrical power system 
supervisor, and an automatically con 
trolled six-story elevator. 

What’s the big advantage of the 
Westinghouse static switching cil 
cuits? Company designers boil it 
down to the systems approach. hei 
study of industrial relay systems con- 
vinced them that relays were mainly 
used for problems of information 
processing rather than power switch- 
ing. Relays were actuated at definite 
speeds, distances, positions. Hence 
their job was mainly digital rather 
than analog in function. 


So the big advantage comes 


MAGNETIC AMPLIFIER 
WITH FEEDBACK 


voltage our 


Voltage out 








Voltage in 


Voltage in 


through substitution of digitally 
oriented solid-state devices for relays. 
[he former have no moving parts 
are more compact, and are faster. 
Westinghouse has apparently cat 
ried its basic new approach to indus 
trial switching to a solid commercial 
level. While similar in function to 
computer elements, the “Cypak’’ 
building blocks are larger, heavier, 
and power-rated to fit tough indus 
trial chores. At present, the basic 
magamp unit is about five in. square 
and one-half in. thick, with one or 
two doughnut-like magnetic cores 
mounted on the flat base. The tran 
sistor unit looks like a small metal 
box with prongs. Circuitry in each 
unit and their hook-up in the control 
panel depends on the control job 
being handled. Westinghouse Elec 
tric Corp., Pittsburgh, Pa. 
Circle No. 2 on reply card 
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With NEW 


-JERGUSON 
VALVES 


For Instrument Piping 
and General Use 


OU can make tremendous time 
and cost savings with this com- 
plete new line of Jerguson Valves 
for Instrument Piping and General 


Use. 


Threaded connections are reduced 
from 10 to 3, for these valves com- 
bine unions, nipples, reducers, el- 
bows, tees, valve, and drain valve 
in one space saving unit. One valve 
replaces the multiple set-up of valves 
and connections formerly used. 


Nine different styles with or 
without union outlet, as well as off- 
set and jacketed valves. 


Features available include safety 
shut-off; double-seating stem for re- 
packing under pressure; regular or 
quick-closing stem and lever; re- 
grindable and renewable seats; 
pressure bleeder valve and test gage 
connection ; outside screw and yoke 
when desired; throttling stem when 
desired. 


for full details 
Ask for Data 


» General Use 


—Fe\ 


Gages and Valves for the 

Observation of Liquids and Levels 

JERGUSON GAGE & VALVE COMPANY 

100 Fellsway, Somerville 45, Mass. 
Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
Pétrole Service, Paris, France 
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VERSATILE SCANNER oversees many variables, 
checks one each second, persists in signalling error. 


The three tri-component scanners 
pictured are undergoing final tests 
during manufacture. Each scanner 
can oversee 6, 12, 24, 48, or more 
different industrial processes from 
one point. The system can monitor 
such variables as level, temperature, 
thickness, mechanical movement, tol- 
erances, weight, and pressure. 

As shown, the 76-point unit at the 
top indicates temperature at each step 
in a process. The unit in the middle 
indicates the step being controlled. 
If the temperature of a step deviates 
from a prescribed setting, the instru- 
ment stops automatically, showing lo- 
cation and extent of the trouble. 
Pressing the reset button restarts the 
scanner. However, unless the condi- 
tion is corrected, or a by-pass connec- 
tion made with the sliding connectors 
shown in the bottom case, the scanner 
again will stop at the over-tempera- 
ture point. 

The speed of scanning is largely 
determined by the number of points 
to be scanned. The maximum rate 
is one point per sec. Associated con- 
trol systems can be actuated by the 


scanner to correct any process that 
deviates beyond the pre-set control 
zone. Fielden Instrument Division, 
Robertshaw-Fulton Controls  Co., 
2920 N. 4th St., Phila., Pa. 
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NIMBLE ANNUNCIATOR alerts, 
indicates, monitors. 


This new annunciator system does 
three jobs in the control of off-normal 
conditions in a process: provides a 
visual and audible alarm, shows the 
first failure of a sequential operation, 





and, through an interlocking circuit, 
automatically selects and monitors 
shut-down equipment. Components 
are standard and unitized, with “‘plug- 
gable” hermetically sealed relay units. 
Industrial Automation Co., 2415 
West Montrose Ave., Chicago, Ill. | 


Circle No. 4 on reply card 


PUMPS 
IN CONTROL 





HIGH VACUUM pumps 
operate silently. 


Manufacturer says the way this 
Hyvac 7 vacuum pump _ operates 
should be music to the rattle-weary | 
ears of technicians, but if all is true, 
there should be no music at all. 
Quiet and vibration free, the small 
(84 x 174 x 13), 89 Ib unit is said 
to have more capacity per cubic ft 
than any other high vacuum pump on 
the market. It displaces 70 liters of 
air per min, pumping from atmos- 
pheric to ultimate pressure in less 


than 5 min. Pump is equipped with FOR ELECTRO-MECHANICAL INSTAL- 
+ hp motor for 115-230 v or 220/440v LATIONS THAT MUST WITHSTAND 


(three phase). An _ explosion-proof 


motor also is available. Central Scien- SEVERE SHOCK... CALL PMI 
tific Co., 1700 Irving Park Rd., Chi- 


cago, IIl. 
Circle No. § on reply card 








Electro-Mechanical assemblies, simple or 
complex, that’s our business. Slip ring 
(collector ring) assemblies are our specialty. 
Devices we have produced vary from one- 
circuit miniature slip ring assemblies to sineeintiiaiaiie 

500 circuit complete installations. Give us Produced for U. S. Navy 


; Bu. Ord. SRA to withstand 
a call for free estimates. 1006 shock load to Gov't 


specification Mil-T-17113. 
260 circuits. 











SELF-PRIMING CENTRIFUGAL | a 
has high secondary pressure. eC P M INDUSTRIES, INC. 


Here is a centrifugal pump with n 274 FAIRFIELD AVENUE 
what is said to be a revolutionary abil- | STAMFORD, CONNECTICUT 
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BARBER d-c 
COLMAN motors 


chosen to drive new Vought 
Photographic Recorders 


Designed primarily for use on air- 
craft, the Vought 16 mm. Photographic 
Recorder takes up to 16 photos per 
second . . . and 4,000 individual pic- 
tures without reloading. 

With its compact size... only 4” x 
434" x 758” ... design of this recorder 
called for a highly efficient, geared-head 
driven motor that would occupy little 
space. For this a Barber-Colman type 
BYLM permanent-magnet motor was 
selected. 

If you have a design problem that 
demands small size, d-c fractional hp 
motors of unusually high quality, high 
dependability, investigate the Barber- 
Colman line. Both permanent-magnet 
and split-series types... in various 
mountings and speeds with outputs up 
to 1/10 hp. Ideally suited to power 
electro-mechanical actuators, switches, 
blowers, programing devices, and var- 
ious other applications... 


THE Permanent-Magnet Motors 
VERSATILE 
LINE OF 
HIGH-QUALITY 
SMALL 
MOTORS 


Split-Series Motors 
Motors with Gearheads 
Motors with Filters 


Motors with Blowers 





Write for free catalog No. 100 


Barber-Colman Company 
Dept. R, 1448 Rock Street, Rockford, Illinois 
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ity to rapidly discharge air and vapor 
against a static head. The Multi- 
Prime, as ‘it is called, comes in eight 
models, three for trucks without gear 
increasers, three with gear increasers 
with either right or left rotation, and 
two models for bulk plant use. Capac- 
ities range from 120 to 200 gpm. 
Granberg Corp., 1308-67th Street, 
Oakland 8, Calif. 
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VENTING AND 


REMOTE CONTROL VOLUME NTROL 
ry 


R - an 
PO ACCESSORY DRAIN 


/ /PRESSURE CONTROL 


NLET 
TANK RETURN 


CONTROLLED FLOW 


MULTIPUMP simplifies piping 
and maintenance headaches. 


Wrapped up in this variable vol- 
ume, vane-type pump are flow con- 
trols, relief valves, and the second 
pump used in dual pump circuits. 
The Denison Multipump takes care 
of them all. As shown in the com- 
parative block diagram it has operat- 
ing features not usual for one unit. 
It is available in capacities of 5, 15, 
and 25 gpm at 1,200 rpm, all at 
1,000 psi continuous duty. 

While the Multipump’s delivery 
can be varied—fingertip pressure on 
the control knob is all that’s needed- 
output remains within 5 per cent of 
constancy. When system pressure 
reaches a preset maximum, delivery 
is reduced to the point required to 
maintain the pressure constant, excess 
flow unloading to the tank. Other 
important features are a remote con- 
trol port, a venting port, substitution 
of stem control for the volume con 
trol knob, a fast approach port, and 
an accessory drain. Constant volume 
with variable shaft speed also is pro- 
vided. 

The block diagrams show how the 
Multipump replaces conventional cir- 
cuits. The first illustrates dual pump 
use, with one pump for high volume 
at low pressure and another for low 
volume at high pressure. The second 
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pumped, eliminating relief, unload- 
ing, check, or by-pass valves. Denison 
Engineering Co., 1170 Dublin Road, 
Columbus 16 Ohio. 
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PROPORTIONING PUMP 
powered by air. 


A double acting cylinder supplants 
a motor drive for metering and pro- 
portioning small volume flow in this 
pneumatically operated pump. Vol- 
ume of liquid feed may be controlled 





by length of stroke, air supply or 
valve actuation. The pump can be 
constructed of a variety of materials 
and its applications are numerous. 
Hills McCanna Co., 3025 N. West- 
ern Ave, Chicago 18, II. 
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TORQUE AND ITS 
TRANSMISSION 


PUMP MOTOR snuggles 
up to its job. 


Here’s a totally enclosed, explosion 
proof motor that virtually sits in the 
lap of a centrifugal pump. Its close 
coupling and double enclosure in 
larger ratings assure safe operations in 
damp, dusty, explosive, or corrosive 
atmospheres. A_ registered face-type 
mount bracket makes for true shaft 
alignment and _ simplifies pump 
mounting. Other features are solid 
flange and brass slinger, and precision 
ground shaft. Ratings range from 
14 to 25 hp. Larger ratings have 
aluminum cooling fans. All are fitted 
with sealed conduit boxes and have 
standardized castings, permanent lu- 
brication and solid cast rotors. U. S. 
Electrical Motors, Inc., Box 2058 Ter- 
minal Annex, Los Angeles 54, Calif. 
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TORQUE MULTIPLIER fits 
modest sized motors. 


A Flumatic liquid torque multi- 
plier is the first for gas and electric 
motors under 10 hp, says the manu- 
facturer. The 3-piece, self contained 
unit provides gentle starts and stops 
and easy power take-offs. Little Beaver 
Industries, Willoughby, Ohio 
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COLMAN 











Cmall Motore 


power the operating mechanism 
of new Stoner coffee vendor 


A hot cup of coffee in eight seconds! That's what happens 
when you put a coin in the new Stoner “500” coffee vendor. 
This 500-cup capacity vending machine stores ingredients 
in stainless steel canisters, automatically mixes them “on 
order,” then turns on an “empty” light and refuses the coin 
if the cup supply becomes exhausted. Operating mechanism 
of the Stoner vendor is powered by a Barber-Colman type 
FY AZ unidirectional geared motor. “Plus” features of this 
highly dependable motor include rugged, precision-built 
gear train . . . porous bronze bearings hardened and 
ground stainless steel shafts high starting torque. This 
application is just another example of how Barber-Colman 
Company supplies the exact motor needed to do the job. If 
you have a design problem involving small motors—open or 
enclosed—let Barber-Colman engineers help you solve it. 


FREE DATA SERVICE ON WIDE LINE OF SMALL MOTORS. 


The Barcol line includes unidirectional, synchronous, and 
reversible motors — up to |/20 hp. With and without 
reduction gearing — open or enclosed types. Expert engi 
neering service available Write today tell us your 
problem, ask for free data sheet 





‘Barber-Colman Company 


Small Motors «Automatic Controls «Industrial Instruments -Aircr 
Overdoors and Operators «Molded Products «Meta! Cutting Tool 


DEPT. R, 1248 ROCK STREET, ROCKFORD, ILLINOIS 


ft Controls «Air Distribution Products 
«Machine Tools. Textile Machinery 
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American Electric Model 323 


ELEVON ACTUATOR 


COMPLETELY QUALIFIED 
TO MIL M 7969 SPECS. 


¥% h.p. at 11,700 r.p.m. Teflon insu- 
lated for ambient temperatures from 
—65° F. to +160° F. Resists shock, 
vibration, salt spray, fungus and 
humidity. Operates on 200 V. line- 
to-line, 3 phase, 4 wire, 400 cycles. 
Furnished with or without AN 
Connector. Maximum length 3.75” 
Maximum O.D. 3”. 


Many Other Models Fully Developed 


American Electric Miniatures are avail- 
able for operation on 60, 400, 1600, or 
2000 c.p.s. or on variable frequencies 
from 320 to 1200 c.p.s. 

TWO TYPES: 

INDUCTION — Output torque range from % 
in. oz. to 120 in. oz. 

SYNCHRONOUS (Hysteresis or Reluctance 
Models) Output torque range from .01 in. 
oz. to 16 in. oz. 


Ask for quotations on special requirements! 


MODEL 162DA AXIAL FAN 


MOTOR — Totally enclosed, 
panei mount, screened intake, 
high temp. operation 20 CFM 
N.A.F.M. at free air. 0.0. 
1.45”, 115 V., single phase, 
400 cycle, or variable fre- 
quency models. 


MODEL 313 COMBINATION 
DRIVE & BLOWER —', h.p. at 
7200 r.p.m. 400 cycle, 3 
phase, 200 V. Continuous 
duty. Meets all general MIL 
specs. 





MODEL 430 AIRCRAFT DRIVE 
MOTOR—1/12 h.p. 11,000 
r.p.m. Teflon insulation. 
—65° F. to + 160° F. Com- 
pletely qualified to MIL 
7969 specs. 


MODEL 201D HYSTERESIS 
SYNCHRONOUS MOTOR — For 
Reference Timing Applica- 
tions 12,000 r.p.m., 5 to 25 
gm. cm. torque. Plain or 
geared shaft extensions. 


FIELD ENGINEERING OFFICES in all 
major industrial areas in the United 
States and Canada. 


American Electric Motors, Inc. 


Miniature Components Division of 


MERICAN 


ELECTRONICS ms.) 


1 Te yraph Road, Los Angeles 22, California 


CONTROL ENGINEERING 


| NEW PRODUCTS 


NEW CLUTCH serves 
servo systems. 


Model T1500 magnetic clutch, tested 
to meet army and navy specs, has servo 


mounting. Life tests, still in progress, 
indicate no change of performance al- 
though the clutch, carrying a 4 oz-in. 
load, has passed the million cycle 
mark. This is a positive-engagement 
friction type. Sterling Precision In- 
strument Corp., Instrument Dyv., 
34-17 Lawrence St., Flushing 54, 
N.Y. 
Characteristics 

Case Size. . .1.75 in. diam, 2.062 long 
Engagement Time.3 millisec, no load 
Maximum No-slip Torque. . . 50 oz-in. 


Backlash 5 min. 
Power 3 watts at 24 vdc 
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HYDRAULIC RELAY packs precise power. 


The D-696 Hydraulic Relay comes 
from England, where it was shown at 
the 1955 Physical Society Exhibition. 
A servo designed to control the 
Denny-Brown Ship Stabilizer, the 
relay fits many applications where 
large movement and torque is re- 


quired from a proportionately small 
angular movement of a control ele 
ment. Maximum torque is 40-ft.-lb. 
Muirhead & Co. Limited, Becken- 
ham, Kent, England; 677 Fifth Ave., 
> 2 
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What’s New in Mnemonics? 


The news is that the magnetic-core 
memory has emerged from the com- 
puter laboratory and has been in cus- 
tomer use for approximately a year, 
passing all tests with flying colors. This 
new development has been pioneered 
by Remington Rand with the Univac 
Scientific—the first installation of a com- 
mercially available computer that suc- 
cessfully uses magnetic-core storage. 


Electronic Computer Department, Room 1641 


Mnemonics, says Webster, is “the art 

of improving the efficiency of the 

” And, as far as electronic com- 

puters are concerned, Remington Rand 

has clearly established its leadership in 
this art. 

Illustrated above is a single plane of 
core storage, each of which holds 4,096 
binary bits of information. Planes are 
wafer thin, and a stack capable of 





The Univac Scientific Computing System 


“remembering” 147,456 bits would 
measure only 13 inches in depth. The 
speed, economy, and reliability of this 
magnetic-core memory are now avail- 
able in the new Univac Scientific Models 
1103A and 1103B. 

For the latest information about 
the Remington Rand magnetic-core 
memories or about the Univac Scientific, 
write, on your business letterhead, to... 


315 Fourth Avenue, New York 10, New York 
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Punch Press Output 
Up 30% with Speed-Trols 
at Square D Co. 


Replacement of single speed 
motors with Speed-Trol vari- 
able speed drives on punch 
presses at the Los Angeles fac- 
tory of Square D Company 
resulted in the following advan- 
tages, reports L. G. Maechtlen, 
Vice President: production in- 
creased 30% ...spoilage or 
rejects reduced 10% ... presses 
adapted to 40% more jobs... 
100% synchronization of punch 
press speed and operator’s abil- 
ity... employee morale greatly 
improved. 


STERLING SPEED-TROL 


GIVES YOU VARIABLE SPEED 
CONTROL NECESSARY FOR: 


Equipment adaptation to: Sequence syn- 
chronization — operators’ abilities — load 
variations due to differences in quantity, 
quality, weight, size, tension, hardness or 
shape of material to be processed, machined, 
conveyed, blended, mixed, etc. 
Process control of: Temperature —viscosity 
—level —pressure —flow—etc. 
Time control of: Baking —drying—heating 
— cooking — pasteurizing — soaking — chem- 
ical action—etc. 

With Speed-Trol you get the maximum in 
production, plant efficiency, quality & profit. 





20-page illustrated catalog... 
Sterling Speed-Trol, Slo-Speed, 
Klosd and Klosd-Tite Electric 
Power Drives. Write for catalog 
No. 205. 











TERLING 


ELECTRIC MOTORS 


Plants: New York City 51; Chicago 35; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and Gistributors in all principal cities 
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R= 750.n -lOW 
C=O mfd-400 volt 
: for 60 cy -1I5 volt rating 
at 


| Motor External current 











: “Reversing switch 
Line | (If needed) 


REVERSIBLE MOTOR tucks big 
torque in small frame. 


The Bristol Series 430 Reversible 
Synchronous Motor develops three 
times as much torque as other low- 
priced hysteresis motors. Positive re- 
versibility, high starting and synchron- 
ous torque, and small (2 in. cube) 
size make it adaptable to inexpensive 
remote control uses. Speed ranges 
from 1,800 rpm to 10 rph. For inter- 
mittent or short life use torque up 
to 5 in.-lb. can be handled. External 
phase shifting shown is recommended. 
Vocaline Co. of America, Inc., Bris- 
tol Motor Div., Old Saybrook, Conn. 
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CLUTCH BRAKE halts 
and hurries instantly. 


Electro-magnetic actuation of this 
miniature clutch or clutch-brake re- 
sults in power pick-ups or stops in a 
matter of milliseconds. Fnergizing a 
coil engages the clutch. Braking, if 
desired, can be provided at disengage- 
ment, which is effected by deener- 
gizing the coil. Action can be re 
motely controlled by vacuum tubes 
and relays. Standard coil voltage is 
28 vde, with optional variations. 
Globe Industries, Inc., 1784 Stanley 
Ave., Dayton 4, Ohio. 
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input 
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DIGITAL INPUT converts any arithmetic code to analog output. 


This new device controls the angu- 
lar position of a shaft from digital 
input. With typical speeds of 3,000 
increments per sec and unlimited 
accuracy, it will position plotting 
board coordinates from a computer 
output, set machine tool dimensions 
through a lead screw or dividing head, 
and remotely set analog computer 
inputs, chemical flow valves, process 
control set points, or test equipment. 
No translator is required for any 
arithmetic code, and input consists 
of contact closures representing digital 
quantities. These contacts carry 1 ma 
from the Microsetter’s power supply 
and may be manual switches, card or 
tape readers, or relays. They remain 


stationary during each setting opera- 
tion. The unit then positions an out- 
put shaft to any number, or fraction, 
of revolutions specified by the input. 
Speed, input and output power, size, 
and applicability appear extremcly 
versatile. ‘The Méicrosetter has no 
memory element or pulse cumulator, 
so that if current from the control 
source fails, and then starts again, the 
Microsetter will move to the position 
dictated by the control unit, regard 
less of intervening changes. Schatzki 
Engineering Company, 147-47 Spring- 
field Lane, Springfield Gardens, Long 
Island, N. Y. 
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ta SINCE 1915 LEADERS IN AUTOMATIC CONTROL 


TIME, COUNT, and frequency 


siaetennidven HALF-WAVE FAST RESPONSE 


Combining the functions of fre- 
quency standard, interval timer, and 
electronic counter, the WE-210 indi- MAGNETIC AMPLIFIER CIRCUITS 
cates time to 0.0001 sec through 4 
glow tubes. Ranges of 1 and 10 sec 
are possible but longer intervals can 
be counted visually or through an 
external electro-mechanical counter. 


An important requisite of any practical amplifier is that it should 
be possible to cascade several units if more amplification is required 
than a single stage can offer. In usual magnetic amplifiers, this 
creates some practical difficulties because the inherently long time 
constants of each stage add up, and the cumulative time constant 
of the several stages.may become excessive for practical applications. 





LINE SUPPLY 
400~ 115 Vv 


ons 
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SOURCE 
400~ 





























As a counter, it registers a maximum 
of 50,000 pulses per sec. Its built-in 
crystal-controlled oscillator provides 
1 or 10 ke through front-panel out- 
lets when the instrument is used as a 
frequency standard. Size 6 by 6 by 
11 in. Westport Industries, 149 Lou 
ita, El Segundo, Calif. 


Circle No. 16 on reply card Ford Instrument Company has perfected and holds the basic 
patents on circuits which allow cascading magnetic amplifiers with 
stages operating on successive half-cycles of the a-c supply. 























In the circuit shown here, amplification in each. stage of the 
amplifier is accomplished by pre-setting the core fluxes with the con- 
trol-winding signal during one half-cycle of the applied load-winding 
voltage. During the next half-cycle, when the load-winding conducts, 
the control winding contribution is negligible. In this mode of 
operation the control winding of each stage of the amplifier receives 
its signal during the reset or non-conducting half-cycle of that stage 
of amplification. The effect of this signal occurs during the next half- 
cycle, thus the time constant in the stage is at a minimum of ¥% cycle. 

The amplifier uses half as many elements (cores and rectifiers) 
as the conventional bridge (full-wave circuit), and has a constantly 
higher figure of merit (power gain per cycle of time constant). 

In amplification problems it will pay you to talk to the engi- 
neers of Ford Instrument Company. For forty years this company 
has specialized in designing and manufacturing special computers 
and controls. Send your problem to. Ford. 


COUNTER complete with 
power and shaper. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


This functional looking unit em- 
ploys one 30 ke counter and four 
10 ke decades. It has a built-in pulse- 
shaper and power supply for 117 ac 
operation. Using a de source deliver- 
ing from 6 to 50 for input, the shaper 
circuit functions to provide a coun- 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information 
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Practical 


| 

| ter for industrial or laboratory com- 

| onent or test use. Ransom Research, 

.O. Box 382, San Pedro, Calif. 
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design engineers 


On adh. « « « Continuous Power Generating Systems 


REGOHM regulates the output voltage of 
this SKW generating system within a 
4% band, independent of load changes 
and other operating conditions. Used to 
power control and communications sys- 
tems, these units must operate every hour 
of the year. REGOHM’s long life and plug- 
in feature that simplifies replacement 
makes it a natural for this application. 





sag agen 
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PULSE TRANSFORMER 


insulated with Epoxy resin. 
On Sea eee Hand-Cranked Generators daied 


Fast-acting REGOHM maintains constant 
output voltage on hand-cranked genera- 
tors powering portable lifeboat radios. 
Reliable over a wide temperature range, 
independent of speed of rotation and out- 
put loading, REGOHM delivers radio 
noise-free performance under severe op- 
erating conditions. No other equipment 
equals its size, and low cost advantages. 


A Gudeman 75 microsec two wind- 
ing pulse transformer which is Epoxy 
resin impregnated and hermetically 
sealed sports the following: rise time 
2 microsec, size-§ by § by 14 in., and 
temperature range minus 70 to plus 

5 C. Gudeman of California, Inc., 
9200 Exposition Boulevard, Los An 
geles 34, Calif. 
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In the Air « «+ Control Instrumentation 


REGOHM regulates voltage of special con- 
trol instrumentation in pilotless bombers 
where precise, reliable control is a must. 
A two-inch cube, weighing under a pound, 
REGOHM economizes on space and weight. 
System stabilization is assured by its built- 
in dashpot, adjustable to match the sys- 
tem’s dynamic characteristics. No anti- 
hunt networks are needed. 


ee eae 


NaN a 


Whether your equipment or control sys- 
tem operates on land, sea or in the air 
...involves power supplies or communi- 
cations and signal systems, instrumenta- 
tion or lighting systems...look into the 
advantages of REGOHM regulation. 


REGOHM 
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Contact Electric Regulator Corporation, 
120 Pearl St., Norwalk, Conn. Our En- 
gineering staff will help you design re- 
quired circuitry...recommend the proper 
REGOHM type...calculate the resistor 
network...suggest design modifications 
for optimum performance...analyze final 
designs...assist in testing pre-produc- 
tion models...service your requirements. 
Write or call us today. 


Electric Regulator Corporation 
Norwalk, Connecticut Tempie 8-4311 





PULSE PRODUCER puts 
limits on pips. 


Pulses with precision parameters are 
the output of this new item. A high- 
power pulse forming network, it speci- 
fies pulse duration, amplitude, volt- 
age, and impedance in systems with 
5 to 100 kv, 2 ohm or more impe- 
dance, and pulse width of 0.1 mi- 
crosec. It’s been tested for airborne 
ruggedness. Luther Electronics Co., 





All Process Temperatures Now 
Recorded on One Chart at Low Cost 


5728 W. Washington Boulevard, Los 
Angeles, Calif. 


Characteristics: 


about 3 in. wide, 7 
deep, 8 long. 
Charging voltage 15 kv. 
Duration of pulse 0.5 and 2.4 micro- 


sec. 

2,000 pulses 
sec. 

50 ohms 


Repetition rate. per 








FACTS ABOUT THE FIELDEN 
MULTI-POINT RECORDER 


Records on one chart as many as 6, 24, 48 
or even 96 points of temperature, pressure, 
level, pH, conductivity, speed, etc. 


Can be provided with control function 
having a single point or individually con- 
trolled points. 


ANALOG TO DIGITAL 
with radar-type circuits. 


Provides easy readability with 6 different 
color traces in each segment of the chart. 


High-speed recording—5 seconds per point. 


Readings as frequent as 20 three 
digit numbers per sec can be made 


with the Model 310 Digital Volt- 
meter, which employs radar-type meas- 
uring circuits. Range of measurement 
covers 100 milliv to 999 v, accurate to 
one digit. Franklin Electronics, Inc., 
Philadelphia 40, Pa. 


Many process plants are now finding that they can accurately 
record all process temperatures or other variables of the same 
kind on one Fielden MULTI-POINT Recorder at a new low in 
cost per point. 

Results in numerous applications show that Fielden MULTI- 


POINT Recorder not only provides all the accuracy needed for 
most processes (+0.5%), but its high speed insures quick 
warning of any upsets. In addition, the instrument’s simplified 
design enables plant personnel to handle any maintenance. These 
design features provide big savings in initial and operating costs. 
Send the coupon today, and learn how Fielden 

ee Instrumentation can solve your problems 

. dependably and economically. 


& Robertshaw Fultow 


CONTROLS COMPANY 
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FIELDEN INSTRUMENT DIVISION 
Dept. S, 2920 N. 4th St., Philadelphia 33, Pa. 


Des we a ew me se cn a 


Please send me bulletins describing: [_] FIELDEN MULTI-POINT Recorder-Controller 


[_] TEKTOLOG Recorder-Controller [_] TEKTOR Level Limit Control 
[_] NULL-BALANCE Recorder-Controller [_] TELSTOR Continuous Level Indicator 


PULSE PASSER seis to 
suit the need. 


Blocking transformers developing — 


pulse widths from 0.1 to 8 microsecs 
and high-O pulse coupling transform- 
ers of 0.1 to 10 millihenry inductance 
are in a new “F”’ series of ferrite core 
and “L” series ribbon steel core mod- 
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—made better 
to work better 


Relays tailor-made for the job 
perform better, last longer. It costs 
no more to have Comar custom-design 
and manufacture relays to exactly 
fit your requirements. Comar gives you 
the exact electrical characteristics, the exact size 
and the exact mounting necessary for top efficiency and 
easy installation. Precision made of highest quality materials 
to insure maximum operating dependability. Send for 


details on how to get more relay for your money from Comar. 





OMAP vecreic COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


AB 


RELAYS « SOLENOIDS « COILS « TRANSFORMERS + SWITCHES « HERMETIC SEALING 
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els. As coupling transformers, the fer- 
rite units have rise times in excess of 
0.005 microsecs. Both types are ob- 
tainable in Epoxy — excapsulated, 
molded and hermetically sealed metal 
cases with 2 and 3 windings, made to 
military specs. Valor Electronics Com- 
ponents Co., 5808 Marilyn Avenue, 
Culver City, Calif. 


Circle No. 24 on reply card 


KEYBOARD VOLTAGES fed in 
plotter provide X-Y points. 


For the manual conversion of data 
into X-Y voltages, three banks of pre- 
cision resistors are connected to the 
keys of this keyboard through wiper 
contacts aimed at low-contact resist- 
ance without sticking. Connected to 
an X-Y plotter, the punched-in values 
of X and Y are transformed into 
voltages that drive the pen mechan- 
ism to the appropriate point, where- 


4-Leg 
~~ BUFFER 


AMPLIFIER 


(one pulse period) 
Negation 





upon the pen lowers and marks a 
dot. Quadrant location of the point, 
positive or negative, is achieved by 
switches on the face of the keyboard, 
which reverse the connections of the 
input power, normally taken directly 
from the associated plotter. Libra- 
scope makes two models and a 
punched card converter system, too. 
Librascope, Inc., Glendale, Calif. 


Circle No. 22 on reply card 





PUNCHED-TAPE for dexterous 
data delivery. 


Although shown separate above, the 
two machines interconnect to work 
together. 

Postings performed on Auto-Punch 
Bookkeeping Machine are duplicated 
in perforated tape for use in other 
tape-programmed office machines, 
Tape errors can be corrected instantly. 
An inter-lock prevents key misopera- 
tion. Punching speed is 20 digits per 
sec, Auto-Punch Adding Machine per- 
forates and codes in 5, 6, 7 or 8-chan- 
nel tape and, like the bookkeeping 
machine, features automatic error cor- 
rection. Tape is punched at a speed 
of 1,800 digits per min. Monroe Cal- 
culating Machine Co., Orange, N. J. 


Circle No. 23 on reply card 


FEEDBACK FACT 


Posed: Revolving doors to suit the 
cautious and cantankerous. 


Solved: International Steel Co. offers 
two-speed automatic revolvers which 
will guide a totterer at 3 rpm, delight 
a tot at 12 rpm. 





What's 


Your Use for... 


i. 
vernistat ... [he Revolutionary 


New Precision Variable-Ratio Transformer 


Analog Computers? Servos? Control Systems? Vernistat 
is a completely different type of voltage divider combining low 
output impedance with an inherently high resolution and 
linearity not ordinarily attainable by precision potentiometers. 
The Vernistat consists of a tapped auto-transformer which pro- 
vides the basic division of voltage into several discrete levels. These 
levels are selected and further sub-divided by a continuous inter- 
polating potentiometer that moves between 30 transformer taps. 
Because of its unique operating principles, electrical rotation is 
held to close tolerances eliminating the need for trim resistors. In 
many applications there is also no need for impedance matching 
amplifiers. 
Specifications of the standard model Vernistat are shown below. 
Other versions are under development to meet specific end uses. 
What are your requirements for this unique precision voltage 
divider? Fill in the coupon now. 


vernistat division PERKIN-ELMER CORPORATION 
NORWALK, CONNECTICUT 








SPECIFICATIONS 


Linearity Tolerance 
better than +.05% 


Resolution better than .01% 


Output Impedance 
130 ohms (max.) 


Max. Output Current 50 ma 
Frequency 50-3000 cps 


Other models including a mini- 
aturized 400 cps version will be 
available in the near future. 








vernistat division WAY, PERKIN-ELMER CORPORATION 


815 Main Avenue, Norwalk, Connecticut 


Send me more information on the Vernistat. 
The application | have in mind is as follows: 


NAME 
TITLE 
COMPANY 


ADDRESS 
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LOW MAINTENANCE 
HIGH PERFORMANCE 
PUMPING 


“K” type pump handling 
concentrated mixture 
containing high proportion 
of free sulfuric acid. 


HILLS-McCANNA ‘“‘K”’ type HYDRAULIC 
metering and proportioning pump 





In the Hills-McCanna “K” pump, a unique, 
in-line, direct acting hydraulic drive sys- 
tem eliminates familiar pump problems of 
exposed linkage, linkage lubrication, at- COMPLETELY 
mospheric effects . . . linkage and drive ENCLOSED 
misalignments. Maximum reliability and ADJUSTABLE 
performance with a minimum of mainte- WHILE IN 
nance is assured. OPERATIO 
But there’s more... TION 
A wide choice in corrosion, wear and OPERATES 
abrasion-resistant liquid ends gives the IN OIL 
“K” pump a broad application range .. . BUILT-IN 
it will meter and proportion virtually any ; 


? PRESSURE 
nae. RELIEF 


If you refine, process, handle or just 
pump problem fluids, it will pay you to 
remember that the Hills-McCanna “K” 
pump is available in one and two feed units 
in capacities up to 726 gph per feed. 

Write for Bulletin KP54, HILLS-Mc- 
CANNA CO., 2400 W. Nelson St., Chicago 
18, Illinois. 


per lllseN CANN 


metering aud prueportioning pumps 
Also Manufacturers of: 


SAUNDERS TYPE DIAPHRAGM VALVES 
FORCE FEED LUBRICATORS * MAGNESIUM ALLOY SAND CASTINGS 
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VALVES FOR 
CONTROL 


TEFLON SEAT defies 
over-torquing. 


This metering valve is said to pro- 
vide positive finger-tip control in 
water manometer installation under 
line pressure of 2,500 psi. Since the 
metering pin and buffer plate act as 
a forming die against the Teflon seat, 
over-torquing damage is inconse- 
quential. The hand wheel turns freely 
through a leak-proof double “O”’ ring 
assembly at all pressures. The valve 
may be applied to both gases and 
liquids at minus 110 to plus 500 deg 
F and is supplied in 4 in. pipe thread 
size. Robbins and Associates, 1735 
W. Florence Ave., Los Angeles 47, 
Calif. 

Circle No. 24 on reply card 


FLOATING POPPET seats 
sanely, securely. 


The “floating poppet” design of 
this 0-10,000 psi check valve (Circle 
Seal 2300) protects its spherical seat 
from “wire drawing.” ‘The one-piece 
body and “O” ring are available in 
several material combinations for 





versatile high-pressure application. 
James-Pond-Clark, 2181 E. Foothill 
Blvd., Pasadena 8, Calif. | 

Circle No. 25 on reply card 


SAFETY SHUTOFF reset 
by knob. 


100 per cent shutoff is obtained 
by this reset relay when used with an 
electric main line valve and a pilot 
valve on gas-fired appliances. The 
A-100 rotary reset thermopilot relay 
gives visual assurance of safe lighting 
conditions. General Controls Co., 
Glendale, Calif. 

Circle No. 26 on reply card 


SOLENOID VALVES waste 
little motion. 


There are just three moving parts 
—piston, pilot valve and spring—in 
this Type K solenoid valve with un- 
conditionally guaranteed coils. Coils 
for temperatures to 250 deg F are 
waterproof molded. For higher tem- 
peratures they are glass insulated and 
silicone impregnated. Other features: 
piston-pilot valve operation, packless 
chamber, cushioned closing and tight- 
seating. Parts in contact with the 
media are of stainless steel. J. D. 
Gould Co., 730 E. Washington St., 
Indianapolis, Ind. | 

Circle No. 27 on reply card | 





For Application on 
Commercial and Military: 


* ane cutive in cnare” 
Attention: ex she JOB DONE! 


agnelic 
mplifiers -inc 


AFFILIATE OF 
GENERAL CERAMICS 
CORPORATION 





—solicits your 
inguity to 
AUTOMATIZE 


SPECIFIC 
PRODUCTION 
PROCESSES IN 


Manufacturers YOUR PLANT 


of Tubeless: 
Mobile Power Supply Regulators 
Magnetic Servo Amplifiers 
Transi-Mag* Amplifiers 
Analog Computers 
Photcelectric Controls 
Variable Speed Drives 


* TRANSISTOR MAGNETIC 
AMPLIFIERS, TRADEMARK 


Aircratt Machine Tools 
Conveyors Ground Power Supplies 
Mixers Nuclear Remote Control 


We custom design, 
manufacture and 
install controls 


and control panels. 


Magnetic Amplifiers «inc 
Tel. CYpress 2-6610 * 632 TINTON AVE., NEW YORK 55, N. Y. 
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PRESET COUNTERS 


SWEDISH PAIR triggers 
electromagnetically. 


From Sweden come two electro 
magnetic valves for remote air line 
pressure control from 21-85 psi. The 


single valve is available in 3 and in. 


Model DS-8600 Series (5 Models) 


Designed to control any operation 
after a preselected total count has been 
reached. Used to count pills, bottles, cans, 
machine parts, etc. for automatic packaging. 
If an event can be converted to an 
electrical impulse—it can be counted and 
controlled with a Detectron Preset Counter. 
Dual models available which provide output ; 
signals at any two preset totals. Write for valve simultaneously opens one all 
catalog or contact nearest representative. line and closes another. When the 
current is off, one valve is held nor- 
mally closed, the other normally open 
by a return spring. Both models resist 
SPECIFICATIONS | DS-8602 DS- e603 corrosion. Power from ac or de 6, 12 


Decades 2 3 ie 5 6 24, 48, 110 or 220 v can be handled. 


Count Capacity | 00 =| ~S«(1000 10,000 | 100,000 | 1,000,000 Aktiebolaget Atlas Diesel, Stockholm, 
poner = — Sweden. 

vey te | -100,000 e 

Per Second = Circle No. 28 on reply card 
| 0-10 counts per second: 1 volt RMS 


port sizes, the double in in. port size 
only. Reciprocal action of the double 











Sensitivity 10-20 counts per second: 0.5 volt RMS 


20-100,000 counts per second: 0.1 volt RMS 





Input 


. ce =~ 1 megohm., 0.05 mf. POWERING 


Output Signal 50 volt positive pulse 


___ Recycling Rate 35,000 per second PRODUCTS 


0.01 to 0.1 seconds 
Relay Hold Time Automatic: 0.1 to 1.0 seconds Manual: Until reset 
1.0 to10 seconds 








Power 
Requirements | 117 volts + 10%, 50-60 cycles 


Write Dept. 84-F 


Cc 





TECHNICAL ‘Trade Mork SE CORP. 
REPRESENTATIVES: 5528 Vineland Ave., North Hollywood, California 


NEW YORK & ome, 80. MICH., WASHINGTON, OREGON, SO. CAR., GA., ALA. & FLA. 
NO. NEW JERSEY vi -PA W. IDAHO, MONTANA Southeastern Industrial Instruments 
Gerard G. Leeds ao mic md J. ic ‘udahy Company Testco Atlanta, Ga. EX. 7801 


y 
oe a | STREAMLINE PREAMP handles 


BY — KANS  W. IOWA 
EAST PENNSY LVANIA SO. WIS.. ¢ at ye ARIZONA, Engineering Services Company 


5 ssociates Warren B TO tia NEV! - ; De M 

Montclais NJ, MO. 3.0257 Evanston, Ill. DA. 8-4800 Keeasler Sales Company —— near-nonexistents. 
. , eon r ci . 

MARYLAND, D.C., VIRGINIA, COLORADO, WY Los Angeles 38, Calf. YO. 6272 Kansas City, Mo, JE. 7765 

Ae TENN. E IDAHO, UTAH NEBR. —frranch Om . : : 

er Ailen I. Williams Co San Francisco 18, Calif. JO.7-0622 CANADA Credit Du Mont for the neatest 

Washington 8, D.C. EM. 2-8626 Denver 4, Colo. MA 3-0343 Electromechanical Protests , : 

Branch Office NEW MEXICO & MINN., NO. wis., NO. MICH., Agincourt, Ontario. 493-R-2 trick of the month. Here’s a pre- 

Baltimore 29, Ma. AR. 3742 EL PASO COUNTY, TEXAS NO. & 80. DA EXPORT 

Branch Office Allen I. Williams Company _ Industrial | Frazar & Hansen, Ltd. amplifier with a self-contained power 

Winston-Salem, N.C. 5-3460 Albuquerque, N.M. AL. 5-9632 Minneapolis 16, Minn. WE. 9-9019 301 Clay St., San Francisco, Calif, 


é 
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supply packed so cleanly that it’s 
hardly more than a bulge between its 
input and output cables. Amplifying 
a billionth of a watt signal at a mi- 
crovolt level, its transistorized cir- 
cuitry produces an output 1,000 times 
more vigorous, with virtually no noise. 
Battery life is 1,000 hours. Not only 
is a big market for the little machine 
seen in the medical field, but it is 
likely to be in demand as a super- 
sensitive strain gage pickup system. 
Allen B. Du Mont Laboratories, Inc., 
echnical Sales Dept., 760 Bloomfield 
Avenue, Clifton, N. J. 


Circle No. 29 on reply card 


TWO THYRATRONS fit 
socket or panel. 


\ pair of — electrically-identical 
Xenon-filled thyratrons are offered for 
motor control and ignitor firing cir- 
cuits. The ELC4J, for socket, and 
the ELC4J/F, for panel mountings, 
are tated at + amp de with 30 amp 
oscillograph peak and maximum for- 
ward and reverse peak of 900 v. Aver- 
age arc drop is 12 v, heating time is 
60 sec and critical grid current is 
less than 10 ma. Electrons, Inc., 127 
Sussex Ave., Newark 4, N. Y. 

Circle No. 30 on reply card 


MAGNETIC REGULATOR 
serves M-G sets. 


The small (34 x 10 x 10 in.) but 
rugged Magnetic Type Voltage Regu- 
lator combines with a 400 cycle alter- 
nator for both synchronous or induc- 
tion motors up to 30 kw. It regulates 
the field of a rotary exciter with a 
rated maximum output of 80 watts. 
Adjustment range is within 10 per 
cent with 115 v. It can be furnished 
for any voltage and regulation is 
within 1 per cent. Hermetic sealing 


Yes, | did 


“Being chief engineer on one of these red hot 
projects ain't hay and the big gripe is that no matter 
what goes wrong | can’t fix it. That’s why at the start 

when the confusion is still gently confined to the breadboard 
you should call in Sigma. Confusion is an old story to 
those boys.” — actual unsolicited testimonial by I. M.A. Ape, Sc. D., 
chief engineer, Simian Products Company, Kivu Heights, Africa. 


OK, now that you’ve had the hard-sell, we do have a relay that we’d like to talk 
about. It does some difficult jobs very well. Here are the basic specifications 


SIGMA SERIES 22 
Miniature (not sub-miniature) sensitive double pole sensitive relay. 


Excellent combination of small size and high performance. 


Sensitivity SPDT: 20 milliwatts le.g., Shock and Acceleration ...100g 
with 8000 ohm coil, operate 1.6 ma.) non-operating 
DPOT: 40 milliwatts (e.g., with 8000 


h ‘A 24 , 50 g operating with additional 
ohm coll, operate ma.) 


margin 
Centact Rating... 2 amp., 115 V AC or Size 22RJ): 1" square x 14" high 
28 V DC, 100,000 operations 22RJ2, 22KN: 1" square x 2” high 


Vibration . . . 10 g from 10-2000 cps Weight. 3 ounces max. 


If you are interested, we'll be glad to send you a bulletin sheet 
on the Series 22, or a complete catalog if you prefer. 


SIGMA 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., S. Braintree, Boston 85, Mass. 
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Design for Low Control Cost... 


ARENS “Seven AR Fs % 


Standards” may help PUSH-PULL 
you save money. CONTROLS 


mT 


Low in price, easy to install, there are seven standard 
Arens designs to meet light, medium and heavy load 
requirements. They are available with a variety of con- 
trol heads, casings, and end fittings. Special controls 
can also be designed to meet specific requirements. 
Design with Arens Controls in mind... and save. 


Write for Catalog 


A BD r & % CONTROLS, INC. 


2027 Greenleaf Street, Evanston, Illinois 


Curtis Terminal Blocks 

- Make Better Connections °_ 
Economically—Quickly, . _ 

A type for every Purpose. — 


CURTIS 
Types ad & “MT” 
Build-up 
Terminal Block Kits 


Both the “M” and “MT” Blocks built from 
these kits are identical to the factory 
assembled blocks of the same types. The 


Write for Bulletin only difference between the “M” and 


' DS-122. Also, ask “MT” kits is the marking tag for circuit 
- e@bout wide selection identification provided with the “MT” kit. 
» of other Curtis They have been put in kit form to save 


™ Blocks available. you time-on engineering, research, main- 


tenance and repair work. They can be 
assembled in blocks of 2, 3, 4, 5, 6, 8, 
10 and 12 terminals from the parts 
furnished. Rated 300 volts, 15 amperes. 


CURTATS peve.opment & MFG. CO. 


3258 North 33rd Street, Milwaukee 16, Wisconsin 
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permits difficult operations in adverse 
conditions through a minus 60 to plus 
71 deg ambient range. Magnetic In- 
strument Co., 82 Main St., West 
Orange, N. J. 

Circle No. 31 on reply card 


RECTIFIES with brief 
dionization time. 


Model 6044 Xenon Thyratron is 
especially suited for short dionization 
time or high peak current carrying 
capacity applications. Simplified rigid 
mounting eliminates sockets and am- 
bient range is from minus 65 to plus 
85 deg C. Filament operates at 2.5 v, 
17 amp. Taylor Tubes, Inc., 2312 
W. Wabansia Ave., Chicago 47, III. 

Circle No. 32 on reply card 


























SILICON RECTIFIERS have 
low forward drop. 


This new line of Silicon Power 
Rectifiers is rated from 100 to 500 
milliamps. Hermetically sealed 0.1 
oz units operate at high ambient 
range with low voltage drop and 
minimal reverse leakage. Maximum 
forward drop at full rating is less 
than 2 v with blocking voltages from 
50 to 500 v in standard, and up to 
1,000 v in special units. Bogue Elec- 
tric Mfg. Co., Paterson, N. J. 


Circle No. 33 on reply card 





aa 


PETITE SILICONS 
rectify powerfully. 


['wo silicon power rectifiers, types 
CK 775 and CK 776, can handle 
15 amp and 200 peak voltage with 
permissible operation at 5 amp and 
170 deg C. Reverse to forward te- 
sistance ratio is 1 to 100,000 for these 
hermetically sealed midgets (0.6 
cubic in.). Raytheon Mfg. Co., 55 
Chapel St., Newton 58, Mass. 

Circle No. 34 on reply card 


TUBELESS REGULATOR 
withstands vibration. 


Here’s an automatic voltage regu 
lator that can pass through full range 
(95 to 135 v) in less than one sec. 
Operating without tubes or moving 
parts, it holds output voltage to within 
one volt band. From rack or cabinet 
it oversees microwave or other in- 
stallations where a voltage regulator 
cannot easily be attended or where 
vibration would break electronic 
tubes. Maximum frequency range is 
55 to 65 cps and waveform distortion 
is limited to 3 per cent. The Superior 
Electric Co., Bristol, Conn. 


Circle No. 35 on reply card 


FLUX manipulator 
drives servos. 


The PRD T6C16W1 Saturable 
Transformer will drive 115 v, 60 cps 
servo motors requiring 16 watts to 
the control phase. Employing mag- 
netic components, unit gives low- 
drift service through a minus 55 to 
plus 85 deg C ambient range. Band- 
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...at your fingertips! 





supervises 4 
multiple func 
with only 


NEVER BEFORE such a simpli- 
fied method of telemetering! 
Over a single pair of wires, 
multiple control of great 
numbers of functions is possible. 
The unit is rugged, compact, 
economical to run—an ultra 
reliable machine that affords 
complete plant control with 

the push of a button or switch. 


Write for detailed specifications. 


\ 


| 


’ TALLER & COOPER INC. 


ENGINEERS * MANUFACTURERS 
75 Front Street @ Brooklyn 1, N. Y. 


This new telemetering system 
supervises the control of 10, 
16, 20 or 32 plant 

operations instantaneously! 


Combinations of these units 
can increase control to 
100, 250 or even more 
functions, if needed. 


Push button or switch control 
operates valves, pumps, 
motors, switches, fans, 
signals, etc. 


@ Control Equipment & Systems 
@ Wind Tunnel Instrumentation 
~ @ Toll Collection Systems 
® Digital Computers 
© Special Purpose Printers & 
Instrumentation 
© Cemical Analyzers & 
Control Equipment 


JUNE 
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reads up to Ff}{) characters see! 


STOPS ON A 
CHARACTER! 


\ a, 


New, Unique 


PERFORATED 
TAPE READER 


with take-up reels < tt 

MODEL 903 

Character Reading Speeds of © Long tape life through use of 

600, 300 or 150 per second. low tension photoelectric 

Five millisec start time. servo. 

Simple Photo-Diode Reading 

Head. 

Bi-directional. @ Tape Drive and start-stop 

Easy to thread. mechanism available sepa- 

Reads 5, 6, 7 or 8 level per- rately for tape loop and 

forated tape. basket applications. 





@ Remote control by pulses. 





For complete information write or call 


“> POTTER INSTRUMENT COMPANY, INC 
“7 115 Cutter Mill Road . Great Neck, N. Y. 


ap tal 


and adjustable 


attenuators 





for 
CONTROL CONSOLES 


Mixing, branching 
corrective loss 
networks. Write 
for catalogue on 


your letterhead. 








CD CINEMA ENGINEERING CO. 
DIVISION AEROVOX CORPORATION 
1100 CHESTNUT ST. + BURBANK, CALIF. 
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width is 0 to 3 cps with a power! 
gain of 20. Hermetically sealed in an 
MIL type can, it operates with a 
simple vacuum tube voltage preamp. 
Polytechnic Research & Develop 
ment Co., 202 Tillary St., Brooklyn, 
N. Y. 
Circle No. 36 on reply card 


LAB PRECISION voltages 
for transistors. 


Especially for transistor develop 
ment, the TR-200AT supplies 0-10 
and 0-100 vde output regulated to 
better than 0.1 per cent for plus or 
minus 10 per cent line variation. Two 
voltmeters and two ammeters serve 
each output range and two other 6.3 
vac, 8 amp outputs extend its appli- 
cation. Universal Electronics Co., 
2012 S. Sepulveda Blvd., Los Angeles 
25, Calif. 

Circle No. 37 on reply card 


WAYS TO MEASURE 


PRESSURE REGULATOR claims 
super simplicity. 


This little set, said to be one-quar- 
ter the size of anything comparable, 
is for pressure regulation of pneu- 
matic or hydraulic systems. The 
pickup uses a pair of cadmium plated 
steel springs and a brass piston. The 
unit withstands pressures of over 
3,000 Ib. and will provide control in 
the ounce range. It retails for about 
$15. Beacon Devices, Inc., 78 Oliver 
Street, North Tonawanda, N. Y. 

Circle No. 38 on reply card 








RECEIVES DATA 


over two-wire circuits. What’s Your Angle ? 


Orthofl 5s used the transmis ‘ ae . —_ 
aye 3° g Baie pr pede data says she . . . WHAT ANGLE? says he . - EV ERYONE'S 
to remote location through a two-wire GOT AN ANG SLE... says she . _. and SERV O HAS DEN EL- 
circuit. It may be applied to mercury OPED A LINE OF EQUII MENT TO MEET YOUR NEEDS 
cylinders to transmit measurements NO MATTER WHAT YOUR ANGLE! 


over 4, 10, 13, 18.5 and 20 to 1 ratios IF IT’S YOUR PHASE ANGLES that need 
c ss i > ace “ 4" 

W ac racies of W 2 pe nt. analyzing, the SERVOSCOPE will accurately and 

‘ith remnant ry ithin a cent rapidly measure them. Just a few turns of the dial 

Explosion proof construction makes it will give you the values for plotting magnitude and 

» bnew . : . via i phase curves. The SERVOSCOPE generates modulated 

suitable tor critical location. Simplex 2 carrier, low frequency sine, and square waves. So, 


Valve &* Meter Co.. 7 E. Orange St.., Ma , whether you’re developing new designs or de-bugging 


) ’ : production testing, let SERVOSCOPE, the only equip- 
Lancaster, Pa. : ment of its kind. save you man-hours and prevent 


Circle No. 39 on reply card costly ervers. 


IF IT’S DESIGN ANGLES — the SERVO- 
BOARD* provides a_ flexible experimental  electro- 
mechanical assembly that allows you to mock-up your 
intended designs and test them. No longer must you 
wait for an overloaded breadboard shop to come 
through. Developed as an aid to the design of servo- 
mechanisms and computers, the SERVOBOARD will 
quickly provide the standard precision parts needed to 
set a preliminary design into mechanical form. 


IF IT’S AZIMUTH ANGLES for direction 
finding, SERVO’s VHF Receiver will do the job. Its 
directly calibrated 72” bandspread dial speedily locates 
the frequency region of interest. This precision con- 
structed receiver provides all custom features needed 
for communication and laboratory work. In addition, 
special outputs are provided for the receiver to be used 
as a component in complete communication, telemeter- 
ing or direction finding systems. 


SERVO’'s PRECISION CONSTRUCTED EQUIPMENT IS AN EXAMPLE OF SOUND 
ENGINEERING AND UNEXCELLED CRAFTSMANSHIP. BEHIND SERVO PROD 
UCTS STANDS A RECORD OF OUTSTANDING PRACTICAL ENGINEERING 


ACHIEVEMENTS 
DIAL DISPLAYS diminutive 


dingleeante. SERVO CORPORATION of AMERICA 


SOPOT R OEE E EEE EET THEE HEHEHE EEE EEE HEE EEE eeeeeee 


SERVO CORPORATION OF AMERICA 


Jsing < external linear variable dif- 
Using an external linear variable dif eer Sede feck OY. 


ferential transformer (LVDT), this 

machine not only provides motion 

indication for distances as small as 

00005, but yields limit switch per- ® 
formance as well. A_ two-position 

switch below the 7 in. diam dial al- New Hyde Park 
lows choice of sensitivity and zeroing 

at any time. This is really a LVDT Long Island, N. Y. 
bridge, an internal LVDT being 


Please send further information and details on the following: 


() SERVOSCOPE SERVOBOARD ) VHF RECEIVER 
Name 


Title 








Company nome _ 


Address _ 


City Zone State 


FOR FURTHER INFORMATION WRITE 
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Ww SU 
BATCHING e FILLING e CHECKING 
AUTOMATICALLY BY WEIGHT 


COMPLETE SYSTEMS ENGINEERED AND PRODUCED 


WE CAN SOLVE YOUR INDUSTRIAL WEIGHING PROBLEMS 
WITH AUTOMATIC, SHOCKPROOF THAYER-PLATE SCALES. 
INQUIRE ABOUT FREE ENGINEERING SURVEY 


THAYER SCALE & ENGINEERING CORP., ROCKLAND, MASS. 





ee WHY PAY FOR FLOW 
ye) STRANGULATION ?_ 





Builders Dall Flow Tube 
reduces meter head loss 
where it counts ... . 


at the pipe line! 


Here’s what you can gain by replacing orifice plates with Dall 
Flow Tubes in your pipe lines: You reduce pumping costs. You avoid 
the expense of purchasing over-sized pumping equipment. You gain 
adequate process flows without building new and costly piping 
layouts. With it, you obtain top repeatability and long life. 

Builders Dall Flow Tube gives maximum pressure recovery — more 
than any other velocity increasing flow tube. It’s compact and eco- 


Providence, Inc., 528 Harris Avenue, Providence 1, Rhode Island. 


: nomical, too. For complete details, write for Bulletin 115-L1. Builders- 
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BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC. Disco: 
BUILDERS IRON FOUNDRY © PROPORTIONEERS, INC. © OMEGA MACHINE CO. @D): EEDER 
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driven against the external one by 
means of a cam attached to the 
pointer. Special accessories are also 
available, including an analog-to-digi- 
tal transmitter. Schaevitz Engineer- 
ing, Camden 1, N. J. 

Circle No. 40 on reply card 











STYLUS RECORDER fixes 
210 channels of info. 


Using 5-in.-wide  electro-sensitive 
paper, the R-1021-D Recorder will 
record analog, digital, or sequential 
data with 210 fixed styluses. Built 
to take vibration, temperature, and 
humidity, it will operate on 60 or 400 
cycle 115 vac current. Radiation, 
nc., Melbourne, Fla. 


Circle No. 44, on reply card 


ers, 


CONVERTS SHIVERS 
to potentials 


Roughly analogous to a magnetic 
phonograph pickup, this hand-held 
MB ‘Type 115 vibration pickup is in- 
tended to convert surface vibration 
into electrical signals through the vi- 
bration of a coil suspended between 
two permanent magnets. Voltage out- 
put can be fed directly into a recorder, 
spectrum analyzer, or vibration meter 
for establishing vibration characteris- 
tics of machinery, aircraft, etc. The 
MB Mfg. Co., Inc., New Haven 11, 
Conn. 

Circle No. 42 on reply card 





DOUBLE-BURDENED bourdon 
trips two switches. 


Two switches operate independ- 
ently at successive or high and low 
temperature stages in this two-stage 
mercury temperature control. Heart 
of the unit is an actuating bourdon 
tube. Controls, which can be fur- 
nished in 11 operating ranges, have 
external shipments and a calibrated 
dial. The switches are available in 
general purpose, weather- and explo- 
sion-proof cases. Mercoid Corp., 4201 
Belmont Ave., Chicago 41, III. 


Circle No. 43 on reply card 
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CAPACITY CHANGES echo 
pressures. 


This electronic pickup indicator, 
Model PM-121, measures pressures, 
acceleration, and displacement when 
used with Rutico transducers. A paral- 
lel resonant circuit responds to min- 
ute capacitance changes at high fre- 
quencies when pressure is applied at 
the diaphragm. It is designed for 
direct reading or for use with an 
oscilloscope and has a flat frequency 
response from dc to 300,000 cps 
within 2 db. Rutico, Inc., 490 South 
Fair Oaks Avenue, Pasadena, Calif. 

Circle No. 44 on reply card 


RELAYS 
AND SWITCHES 


ELECTRONIC SWITCH shows 
traces a wisp apart. 


With amplifier rise time of 0.023 
microsec, Model ES-180 electronic 
switch is a natural for oscilloscope 
studies of two signals. It switches 
from one signal to the other at the 
end of each sweep with speeds of up 
to 100 kc. Through unity gain and 


.. Headquarters” for 
\ Phototubes 


e Light Measurements 


RCA—pre-eminent in the design and development 
of phototubes—offers a comprehensive line of high- 
quality phototubes to meet your replacement needs 
in light-actuated devices. The line includes a wide 
selection of gas types (for sound-on-film and relay 
work)—vacuum types (for fast response and pre- 
cision measurements)—and multiplier types (for 
applications where extremely high sensitivity is im- 
portant, such as scintillation counting). RCA Photo- 
tubes are available in a variety of spectral responses, 
physical shapes, and sizes—from your RCA Tube 
Distributor. For tube technical data on RCA Photo- 
tubes, write RCA, Commercial Engineering, Section 
F56T Harrison, N. J. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 
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HARRISON, N.S. 
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MARSH QUALITY 


---ina 
Temperature- 
actuated 


REGULATING 
VALVE 


Smooth, modulating 
control 


— for brine lines in 
cooling systems 

— for condensers where 
pressure line is not 


desired | W T 


A temperature actuated 

pres valve you can M A R 5 H 
depend ae —_ e e 
Electrimatic Type E| t t 

for pressures up to 150 ec rimd ic 
psi, water or brine, and 

up to 15 lbs. for steam 

(250° maximum temperature). It opens as temperature 
rises, closes as temperature falls, to give an ideal, smooth, 
modulated control. Can be mounted in any position; serv- 
iced without breaking connections. Seat beads are monel 
to eliminate wire drawing. Sturdy, two-ply bellows assures 
extra service life. Temperature ranges of 20°F.-60°F.; 60- 
100, 100-140, 140-180, 160-220. All standard sizes from 
3%" through 4”. All styles of temperature bulbs. 


Ask for latest data 


MARSH INSTRUMENT CO. Sales Affiliate of Jas.P. Marsh Corp. Dpt. Y, Skokie, III. 
Marsh Instrument & Valve Co. (Canada) Ltd., 8407 103rd Street, Edmonton, Alberta, Canada 


For 

after 
shutdown 
| protection... 





> 
a 


AGASTAT' 


TIME DELAY RELAY 
Allows operation of auxiliary protective devices* after operating cycle 
is stopped. Easily installed in any electrical line. 
The AGASTAT is — 
* light, versatile, dependable. 
instantaneous recycling. 





unaffected by voltage variations. 
adjustable in timing from 0.1 second to more than 10 minutes. 
available in models that offer delays on energizing and de- 


energizing, two step delays, manually-actuated time delay 
switch, remote push button control. 


*WRITE for new 4-page application folder describing how one large 
company solved its after-operating problem. Address Dept. A21-620. 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing. 
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stabilized power supplies in the two 
amplifier channels, two signals can 
be compared in time to one millimic- 
rosec. ‘The switch responds to wave- 
forms of either polarity. Teletronics 
Laboratory, Inc., Westbury, L. I., 
MW. 2. 

Circle No. 45 on reply card 





EMF TO PSI machine mates 
electronics to pneumatics. 


The conversion of dc into air pres- 
sure is the objective of this package. 
A millivolt signal from a measuring 
element is converted into a propor- 
tional 2,000 cps ac voltage which 
then is amplified and filtered. The 
resulting de output is used to posi- 
tion a flapper-nozzle assembly to pro- 
vide an air relay output proportional 
to the original dc measurement sig- 
nal. Input spans as small as 10 milli- 
volts and as wide as 60 are available. 
Sensitivity of 0.05 per cent and ac- 
curacy of plus or minus 1 per cent 
of full scale are claimed. Complete 
response to a full-range step takes 
4 sec or less. The Foxboro Co., Fox- 
boro, Mass. 


Circle No. 46 on reply card 





For More 
Information 


from ADVERTISERS 
FILL IN THIS CARD 





about 


NEW PRODUCTS 
CIRCLE THESE NUMBERS — 





to get 
NEW BULLETINS 


& CATALOGS 
CIRCLE HERE 





THE NUMBER YOU 
SELECT HERE 


(57) ELECTRONIC TIMERS. G. C. 
Wilson & Co. Brochure, 5 pp. Gives 
data on standard line, which includes 
delay, repeat cycle, and interval timers. 


(58) COIL FORMS. Precision Paper 
Tube Co., Form 235-355, 4 pp. Covers 
square and round tubes, bobbins, coils 
made by the Resinite Div., and mandril 
and frabricating services. Precision calls 
itself the exclusive manufacturer of square 
and round tubes for the electronics in- 
dustry. 


(59) LB ANALYZER. __Liston-Becker 
Instrument Co., Inc., 8 pp. H. R. Smith, 
editor of this new house quarterly, writes 
in the first issue that it is devoted to 
application and progress of infrared gas 
analyzers. This issue contains a reply 
card for the mailing list. 


(60) COMPUTER DISPLAY TUBE. 
Hughes. Folder, 4 pp. Details of the 
Typotron, computer readout which can 
a any combination of 63 characters 
indefinitely and race through 25,000 per 
sec. 
(61) 


PRECISION POTENTIOME- 
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TERS.  Electro-Mec Laboratories, Inc. 
Folder, 4 pp. Gives characteristics of 
standard line, all featuring ultra-low 
torques, and points to availability of cus- 
tom-engineered types. 


(62) PRINTED WIRING.  Aerovox 
Corp. Special Products Div. Form SP- 
542, 8 pp. Pure silver conductors, bound 
firmly but without adhesives to a paper- 
base phenolic, are sketched in this in- 
formation-weighted booklet. 


(63) DIGILOG COMPUTER. Wang 
Laboratories. Folder, 4 pp. Tells how 
this instrument combines the high ac- 
curacy of the digital computer with the 
simplicity of the analog. Available pre- 
cision is five decimal digits. 


(64) BROCHURE ON RELAYS. Pot- 
ter & Brumfield Mfg. Co. Brochure, 
70 pp. Contains 23 papers originally 
presented at the Third National Confer- 
ence on Electromagnetic Relays at Okla- 
homa A&M College, Stillwater, in March. 


(65) AIR TO TORQUE. _U. S. Elec- 
trical Motors, Inc. Form F-1882, 8 pp. 
This attractive treated-paper booklet ex- 
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plains how the Aritrol uses a 3-15 psi 
pneumatic signal to control the speed 
of a Varidrive motor and equip it for 
use in a conventional continuous control 
system. 


(66) LOAD CELLS, LOAD BEAMS. 
Baldwin-Lima-Hamilton Corp. Testing 
Equipment Dept. Bulletin 4301, 9 PP- 
Stresses the small deflection of load cells 
(0.010 in. maximum at full load) and ab- 
sence of wearing parts in BHL units for 
electrical measurement of weight and 
force. 


(67) THERMISTOR MANUAL. Gen- 
eral Electric Co. Carboloy Dept. Man- 
ual TH-13, 54 pp. Here's a neat little 
text on the construction and applications 
of thermistors. Static and dynamic char- 
acteristics of Carboloy products are plotted 
according to type. 


(68) RELAYS. Assembly Products, Inc. 
Bulletin 108. A succinct single-sheet 
rundown of specifications for relays and 
plug-in components. Some of the relay 
data are brand new. Bulletin G-8 con- 
denses previous information on Simply- 
trol temperature controls. 
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(69) SIDE INDICATOR METERS. In- 
ternational Instruments, Inc. Engimeer- 
ing Data Sheet. Treats specifications for 
horizontally and vertically mounted 
meters. length exceeds standard 
dimensions and panel area is less than 
+ standard. 


(70) PNEUMATIC CONTROLLER. 
The Foxboro Co. Bulletin 5A-13, 12 pp. 
Features of this model, 41A, include a 
age more readable indicating scale, sim- 
plifed maintenance, and adjustable pro- 
portioning action. 

(71) MOTOR CATALOG. National 
Pneumatic Co., Holtzer-Cabot Motor 
Div. Bulletin MO-3.3. Covers special 
motors, motor generator sets and related 
products, and full range of frame sizes. 


(72) TELEPHONE-TYPE STEPPING 
SWITCHES. Automatic Electric Co. 
Bulletin RH6. Illustrates the suitability 
of these switches for data reduction in 
application cited is use 

ital recorder model 

i , involved here is 
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(73) AIRBORNE FLOWMETER. Pot- 
ter Aeronautical Co. Bulletin AF-1. Lists 
specifications of the three elements mak- 
ing up — small, l-mounted instru- 


(74) PUNCHED-CARD MACHINES. 
Rand, Inc. Folder TM930, 
6 PP. Gives lowdown on 25 machines 
perform punched-card operations. 
pu arrangers, inters. Com 
tive versatility is charted. — 
(75) ELECTRO CLUTCH. [T-E Cir- 
cuit Breaker Co. Rectifier Div. Bulletin 
5306, 14 pp. Sizes, ratings, applications, 
a are covered in this bulletin, 
in which I-T-E announces its introduc- 
tion of this European clutch to U. S. 
industry. Its use in control equipment 
is discussed in 14- pamphlet by 
H. B. Stallings of 1-T-E. 
(76) LIQUID-FILLED THERMO- 


SWITCH. Fenwal, Inc. Sheet MC-122. 
Gives specifications for this Series 2000 


sna ion thermostat designed for con- 
trolling electrical loads up to 15 amp 
where a local bulb is required. 


(77) DATA FROM BRISTOL. The 
Bristol Co. Bulletin P1260, 48 pp. This 
work on furnace and oven control in- 
struments and accessories is in a new edi- 
tion. So is Bulletin P1238, 56 pp. 
which deals with thermocouples and py- 
rometer accessories. 


(78) VIBRATION CONTROL. MB 
Mfg. Co. Bulletins 616, 12 BP. Gives 
characteristics of Isomodes (MB's mount- 
ings for isolating the six modes of vibra- 
tion) and a chart for locating the best 
mounting points. 

(79) STABLE DC OSCILLOGRAPHS. 
Volkers & Schaffer Mfg. Corp. Sheet 
CC-702. Less than Pipers . drift 
for practically unlimit iods of time 
and less than 2 min ea time are 
features of the new VS-900 “B” series 
of de oscillographs. 


(80) DIAPHRAGMS. _ Bellofram —_ 
Catalog B. F. 150, 16 pp. Treats - 
ard sizes, available materials, dimensions, 
and designs of long-stroke, deep con- 
volution diaphragms. Loose-leaf format 
permits insertions. 


(81) CATHODE-RAY OSCILLO. 
GRAPHS. Du Mont Laboratories. Tech- 
nical Sales Dept. Catalog, 8 pp. Data 
on low frequency, high uency, and 
accessory instruments in this “Quick 
Reference Instrument Catalog” include 
technical features, applications, and prices. 


(82) TUBE BENDER. Parker Appliance 
Co., Catalog 1141A10. Feature here is 
a toggle clamp, which takes tubing of 
14 in. O.D. without shoe inserts. In- 
serts can handle tubing sizes from 7% to 
14 in. OLD. 


(83) ELECTRONIC LINE. Chatham 
Electronics. Bulletin, 4 pp. Describes 
rectifiers, thyratrons, power triodes, volt- 
age regulator reference tubes, etc. Each 
is shown above or alongside its respective 
specifications. 

(84) RESOLVER AMPLIFIER. Norden- 
Ketay Corp. Bulletin 356, 1 p. A 
sealed enclosure of 2% x 1% x 1% in. holds 
this single channel, electronic amplifier 
REA4-110 which can realize a_ virtual 
infinite input impedance. The bulletin 
shows the unit in a system. 


(85) ELECTRONIC TACHOMETER. 
Standard Electric Time Co. Bulletin 
200-T, 4 pp. The folder is heavy with 
data about this minimum-tube, plug-in 
instrument that has a power requirement 
of 110 v, 60 cycles, and display time of 
5 to 10 sec. Electrical signals may be 
pulses, sine waves, or square waves. The 
counter is accurate within one pulse. 


(86) VARIABLE FREQUENCY 
POWER. Vectron, Inc. Special 1955 
Show Bulletin, 1 p. This power supply 
unit tests, powers, and controls auto- 
matic equipment. Model VFS-250, 22 
x 17 x 21 in., will fit on a standard 19 
in. rack. 
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RELAY resists rattling 
in a pill-sized case. 


This shock-resistant relay, housed 
in a standard transistor case, was de- 
signed for guided missiles where small 
size, weight, and vibration require- 
ments prevail. A single pole double 
throw contact arrangement carries } 
amp -(neranductive) in response to 
100 milliwatts through the 26 vdec 
coil. Elgin National Watch Co., EL 
gin, Ill. 


Circle No. 47 on reply card 





WIPING contacts despite 
sensitive response. 


High sensitivity combined with 
thorough wiping action is the forte 
of this relay. Silver contacts with sen- 
sitivity of only 10 milliwatts each, 
carrying up to 1 amp inductive, are 
used with coil resistance as high as 
30,000 onms. Hermetically sealed or- 
ders are welded. Hedin Tele-Techni- 
cal Corp., 640 W. Mt. Pleasant Ave- 
Livingston, N. ]. 

Circle No. 48 on reply card 


FEEDBACK FACT 


Posed: A return to courtliness in to- 
day’s mechanized elevators. 

Solved: Westinghouse now equips its 
oporatorless elevators with a ‘‘phan- 
tom voice’’ which intones_ kindly 
“Step to the rear, please’, booms 
more deeply, ‘Release the door.”’ 


ACTUAL 
SIZE 


never before... 
a potentiometer 
the size of a penny 
yet worth a fortune 
in performance! 


DeJUR Series C-078 


SUBMINIATURE POTENTIOMETERS 


Now — the features of full-size potentiometers in a new 
series that’s no larger than a penny! If your product is for 
computers, trimmers, guided missiles, or any portable or 
aircraft equipment, DeJUR’s new subminiature 
potentiometers help you achieve substantial savings in 
weight and space. 


Unit height only %”, weight only % oz. 
Single or multiple gangs 

Independently phased 

Completely enclosed 

320° electrical and 326° mechanical rotation 
Gold collector for trouble-free contacts 
Multiple-finger precious metal contact brush 


Available with special torque ratings, ball-bearings, 
sealed housings, special tolerances and other requirements 
for any linear or non-linear function. 


¢ potentiometers 
WRITE FOR COMPLETE TECHNICAL LITERATURE. No obligation. Our 
engineering department can supply prototypes to meet un- * connectors 
usual design specifications for tests and approval. Send us 
your specs for analysis. ° instruments 


DeJUR-AMSCO CORPORATION * 45-01 NORTHERN BLVD. 
LONG ISLAND CiTY 1, N. Y. 


electronic 
yow’re sure with sales 
division 
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PROFESSIONAL 
SERVICES 





© DESIGN 


RESEARCH © PATENTS 


TESTING 
MANAGEMENT 
ECONOMIC STUDIES 
INSTRUMENTATION 
CONTROL SYSTEMS 








CONSULTING ENGINEER 
Specialist in correlating experimental data with 
practical design, on a sound basis of theoretical 
principles of electrical and mechanical engineering, 
of servo-electrie mechanical control systems, includ- 
ing both analogue and digital computers. 


178 Hicks Street, Brooklyn, N. Y. 








JOSEPH L. COLLINS 


Consulting Engineer 
ELECTRONIC CTHLEMICAL 
ELECTROCHEMICAL ELECTRICAL 
Management ¢ Administration ¢ Product Design 
Process Engineering ¢ Quality Control ¢ Materials 
Specifications 
HU 2-1092 


Statler Bldg. Boston 16, Mass. 








HANSON-GORRILL-BRIAN INC. 


Specialized Control Systems 


ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 
One Continental Hill Glen Cove, N. Y. 
Glen Cove 4-7300 








INTERFERENCE MEASUREMENT 
LABORATORY 
oO ing—Research—D evel t 
Interference Study per Government Specifications 
Shielded Space for Interference Investigation 
Radio Interference 

907 East Sist Street Brooklyn 3, New York 

Ingersoll 9-1765 











SVERDRUP & PARCEL, INC. 


Consulting Engineers 
Comprehensive Control Engineering Services 


. . chem- 
wea - « « steel 
....» test facilities... . and other process 
industries. 


915 Olive Street St. Louis 1, Missouri 








WALSH ENGINEERING CO. 


Specialists in design of 
ELECTRONIC and MAGNETIC 
Apparatus to solve unusual problems. 
Complete Model Shop. 

34 DeHart Place Elizabeth, N. J. 
Elizabeth 2-7600 








MORE CONTACTS LEAD TO 
MORE CUSTOMERS 

When you are represented in the PROFES- 
SIONAL SERVICES SECTION of CONTROL 
ENGINEERING, you are contacting the ex- 
ecutives who are responsible for calling in 
the experts. 

For further information on how to reach 
these executives, write: 


PROFESSIONAL SERVICES SECTION 
CONTROL ENGINEERING 


330 W. 42nd Street, 
New York 36, N. Y. 
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Get Rid of Interaction ... 


From “Improved Process Control 
from Noninteracting Controller De- 
sign,” by D. P. Waite, Instrument 
Department, General Electric Co., 
West Lynn, Mass. ASME Paper 
No. 55—IRD-6 


Nearly all three-term (proportional 
plus reset plus rate) controllers have 
interaction between the reset and rate 
actions. This is true for both pneu- 
matic and electric controllers. 

The interaction limits the ratio of 
actual rate time constant to actual 
reset time constant to a value less 
than 0.25. Some of the simpler con- 
trollers become unstable within them- 
selves for ratios that approach this, 
further limiting usefulness. 

A noninteracting controller was 
simulated on an analog computer by 
generating the rate and reset responses 
independently and adding them. This 
simulated controller had no limits on 
its rate to reset time constant ratios 
except those imposed by the finite 
ranges of the time constants. 

Various process systems also were 
analoged on the computer and studied 
in combination with the controller 
analog. A systematic trial and error 
technique established the optimum 
settings for loop gain, reset time con- 
stant, and rate time constant. The 
criterion was the time integral of the 
absolute value of deviation from zero 
error following a step disturbance. 
It was computer-evaluated for speed. 

First, a loop gain was assumed. 
Then the rate time constants were 
optimized for several values of reset 
time constants. The loop gain was 
changed and the process repeated un- 
til the minimum criterion value was 
found. If the optimum rate to reset 
time constant ratio thus found was 
greater than 0.25, then the criterion 
value was compared to that for the 
ratio restricted to 0.25. 

The same procedure was used to 
optimize the response for the ratio 
restricted to 0.25 as for the unre- 
stricted case, except that for each re- 
set time constant tried, the rate time 
constant had but one possible value. 

The processes studied with the an- 
alog noninterinacting controller were: 
> Three exponential lags and one dead 
time with three combinations of time 
constants (Cases 1, 2, and 3) 
> ‘T'wo exponential lags and one dead 
time (Case 4) 
> Four exponential lags with two time 


constant combinations (Cases 5 and 6) 
> 'I'wo exponential lags and one sec- 
ond-order feedback element with a 
damping factor of 0.8 (Case 7) 

For each of these seven cases, op- 
timum performance was reached from 
ratios greater than 0.25. The highest 
optimum ratio for the cases studied 
was 4.9 for Case 6. (The paper gives 
all pertinent time constants and gain 
settings. ) 

The analog computer result for 
Case 7 is illustrated. The optimum 
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rate to reset time constant ratio was 
found to be 4.37. It gave a computer- 
measured criterion value of 9.4 (area 
under curve A). Optimum conditions 
for the ratio restricted to 0.25 give a 
criterion value of 26. 

Although not exhaustive, this com- 
puter investigation has proved that 
noninteracting controllers can improve 
the response of many process control 
systems. These computer studies will 
be continued for other process types. 


. . . Here’s One Approach 


From “The Theory and Design of 
Compound-Action Pneumatic Con- 
trollers: with Particular Reference 
to the Interaction Factor,” by H. 
Williamson, Negretti © Zambra, 
Ltd., “Transactions of the Society 
of Instrument Technology,” De- 
cember, 1954, London 


Most pneumatic controllers that 
generate proportional plus reset plus 
rate functions of the input have in- 
teraction between the integral and 
derivative functions. This interaction 
produces an additional proportional 
response with a coefficient dependent 
on the integral and derivative time 
settings. 

Some manufacturers calibrate the 
controller in arbitrary units and pro- 
vide calibration curves to take the 





interaction factor into account. Others 
build in a geared computer. 

Setting of an interacting controller 
on the plant can be very difficult. Ad- 
justment of any function modifies the 
other two and the response results 
from three variables instead of one. 

A non-interacting controller avoids 
this problem. 

This 12-page article develops thor- 
oughly the design and theory of Ne- 
gretti & Zambra’s non-interacting 
proportional plus reset plus rate con- 
troller. 


Towards Greater Flying Safety 


From “The General Mills Ryan 

Flight Recorder,” by J. J. Ryan, 

Mechanical Division, General 

Mills, Inc. ASME Paper No. 

55—S-27 

Here’s an instrument that inscribes 
air speed, altitude, vertical accelera- 
tion, compass heading, and time for 
a complete aircraft performance rec- 
ord. A three-dimensional flight path 
can be determined from these records. 
The vertical acceleration record per- 
mits calculation of impact loads due 
to hard gusts or landing shocks. This 
calculation indicates how much main- 
tenance inspection is necessary. 

The recorder may reveal the cause 
of a crash since it can preserve data 
through 100-g impacts, half-hour ex- 
posure to 1,100 deg C gasoline flames, 
and 36-hour immersion in sea-water. 
And yet this is a sensitive instrument 
that measures within about 1 per 
cent. 

The Civil Aeronautics Administra- 
tion long has sought such an instru- 
ment to add to the knowledge of 
flight conditions and certify the rea- 
son for a crash. The recorder meets 
July, 1952 specifications of CAA- 
CAB. CAA may soon require these 
recorders on all passenger aircraft to 
supply statistics needed to find weak 
spots in aircraft design and suggest 
future development 

The recorder scribes its data on a 
100-ft roll of 0.001-in. thick alumi- 
num foil 24 in. wide. It can record 
continuously for 300 hours. The rib- 
bon speed need not be constant be- 
cause timing marks are recorded. So 
the take-up spool is driven at constant 
speed, and the ribbon speed varies be- 
tween 3.2 and 5.5 in. per hr. 

The take-up spool is driven by a 


Control variations in levels 
from 4” upward. Remote 
control if desired — any dis- 
tance. Controls unaffected by 
acids, caustics, pressures or tem- 
peratures. 


Since 1933 B/W Controls have 
provided positive, dependable, 
economical liquid level control. 
No floats! No moving parts 
in liquid. ‘ 


WRITE FOR CATALOG 


B/W CONTROLLER 


ormost | CORPORATION 


IN THE FLOATLESS 2200CE E. Maple Road 
CONTROL FIELD Birmingham, Mich. 


Write today for your free 


copy of this Technical Paper. 
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The Precision Potentiometer 
as a Voltage Divider 


BY H. A. SCHMIDT 


Sales Engineer, Helipot Corporation 





Reprinted from PRODUCT ENGINEERING 


Annual Handbook of Product Design for 1954 
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Lyd ipo first in precision potentiometers 
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a division of BECKMAN INSTRUMENTS, INC. : 
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with Welter adjustable speed drives 


FEED ANY VARIABLE... 
temperature, pressure, size, 
weight into the adjustment of 
a Metron miniature adjustable 
speed drive “WERE 








..and you get 
automatic speed 
control 


These Metron pm Drives 
handle up to .025 HP, up to 
10,000 RPM with your 
choice of 5 speed controls... 

e LEVER 

e PUSH ROD 

e SPUR GEAR 

e MITER and WORM GEAR 

ADJUSTMENT 


For details 
WRITE 
for bulletin 99 


INSTRUMENT COMPANY 


427 Lincoin Street © Denver, Colo. 


DISTRICT OFFICES +» NEW YORK ~ CHICAGO «~- LOS ANGELES 











tomorrow's OPPORTU IT, 


for experienced: 


ELECTRONIC ENGINEERS 


and 


ELECTRONIC TECHNICIANS 


If you can develop new computer cir- 
cuits using magnetic cores, transistors, 
printed wiring, and other new tech- 
niques, we have a good position avail- 
able for you. 
You will work with the outstanding 
computer men who developed the ERA 
1101, EKA 1102, and ERA 1103 Com- 
puter Systems, the Univac File Comput- 
er, ERA magnetic drum memories, and 
other equally famous Remington Rand 
systems. 
Computer experience is not necessary. 
Your proficiency in related fields will be 
rewarded from the start, and you will 
work in the fastest-growing organization 
in the data-processing field. Opportuni- 
ties for advancement will be numerous. 
Positions are also available for new 
engineering graduates and technicians » ILLUSTRATED — 
who want to learn digital techniques and Designs for new Remington Rand ERA com- 
systems. Pay, special benefits, and puters that are now under development. 


Upper: general purpose digit register. 
opportunities for advancement are most Lower: packaged transistor logic element. 
attractive. 


se 
Please send an out- Memington. Fland 


line of your training 


and experience to 
Mr. J. N. Woodbury: ENGINEERING Zisearcn Associates DIVISION 


1902 W. Minnehaha Ave. e@ St. Paul W4, Minnesota 
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ABSTRACTS 


motor that runs on the airplane’s 28- 
volt de electric supply. The motor 
drives the spool through a clock 
escapement that acts as a governor; 
thus the motor need turn at only 6 
revolutions per hour. The take-up 
spool runs at 1 rph. The motor is 
counected to the driving gears by a 
helical spring. If electric power fails, 
the spring has enough stored energy 
to drive the clockwork and recording 
rolls for at least ten minutes. A 
rachet and pawl prevent motor re- 
versal on power fillene. 

Styli from the recording elements 
emboss continuous lines on the alumi- 
num foil as it passes over a platen. 
These lines are about 0.002 in. wide. 
The styli are displaced, with respect 
to each other, in the time direction 
to preclude interference and mini- 
mize width of record. 

Recorded data can be analyzed 
quickly with a transparent overlay 
chart positioned with respect to a 
scribed reference line and the time 
mark desired. The data record with 
the overlay in position can be photo- 
graphed for enlargement and future 
analysis. 

There are no switches or valves that 
can accidently disconnect the re- 
corder. The master power switch in 
the cockpit energizes the recorder 
drive and the compass power when 
the pilot enters. 

The pilot has, however, a push- 
button that makes a_ special-event 
mark on the record. Thus, any severe 
bump such as a hard landing may be 
noted by the pilot and _ especially 
evaluated for its effect on the air- 
craft. For example, a bump of 2 g 
may require that only part of the 
plane be inspected. But a 3-g bump 
might mean grounding and a thor- 
ough study into airworthiness. 


“That’s his automatic pilot—” 








Reflections On Robots 


From “The Age of the Think- 
ing Robot, and What It Will 
Mean to Us,” By Robert Ben- 
diner. “The Reporter,” April 
7, 1955. 


(This article rises out of the deluge 
of non-technical pieces on automatic 


control like cream out of milk. It | 


is well worth a leisurely perusal. ) 


Experts, in aiming a fast camera 
at automatic control as it races along, 
disagree on its achievements to date. 
What no one can disagree on, how- 
ever, is that the process is an entirely 
new thing—not an extension of the 
technological advancement of the past 
century. 

Reception by both management 
and labor is mixed. Management 
revels in automatic control’s prom- 
ises of improved methods of produc- 
tion, but then, anticipating painful 
demands by labor, belittles it; labor 
sees it as a harbinger of plenty, but 
fears acute unemployment. When not 
belittling control, management’s as- 
surances to labor seem dangerously 
hazy and speculative. 

Labor condemns the loss of skilled 
job classifications, the foresight of 
management in labeling an employee | 
“temporary” so that a loophole exists 
for his discharge. Labor is not con- 
vinced that only large plants will adopt 


computers and in fact this is not | 


so. Small companies will adopt com- 
puters. Labor sees signs of a hidden, 
creeping type of unemployment in 
all this and wonders how it will fare 
when the market is saturated with au- 
tomatic equipment. 

Labor, of course, has a responsibil- 
ity to keep in step, too: a skilled elec- 
trician today will not stay “skilled” 


unless he learns about electronics. But | 


this responsibility is shared by our 
educational system, which must con- 
dition executives to understand other 
fields besides technology: human re- 
lations, economics, psychology, and 
therefore, at last, philosophy. 


FEEDBACK FANCY 


Needed: A Sprightliness Indicator for 
jaded editors. 


Suggested: Why not a simple memory 
device attached to typewriters to rec- 
ognize and store cliches? When a 
critical number is reached a gong in 
the chief’s office rings and it’s time 
to turn the editor out to pasture—or 
send him to a Press Party. 





If you are interested in guided missiles this book will interest you. 
Here is one of the most complete guides to job opportunities in the guided missile 
field yet published. In this book, you will find not only a complete outline of the 
objectives and accomplishments of the Bendix Guided Missile Section, but also a 
detailed background of the functions of the various engineering groups such as sys- 
tem analysis, guidance, telemetering, steering intelligence, component evaluation, 
missile testing, environmental testing, test equipment design, reliability, propulsion, 


and other important engineering operations. Send for your free copy today. 


yA challenging opportunities 


in the newest and fastest growing 
branch of the aviation industry 
are now open! 


Bendix job opportunities in guided missiles range from top senior engineers 
to assistant engineers, junior engineers, technicians, and a score of other 
assignments. 

Qualified men are given real job responsibility with Bendix and grow 
with the development of what is not only the nation’s most important weapon 
system, but a project that will undoubtedly lead to new and important long- 
range commercial applications. 

And at Bendix you will be associated with top missile authorities and 
have at your command unexcelled engineering and manufacturing facilities. 

If you are interested in a future in guided missiles, the first step is to fill 
out the coupon and mail it to us today. 


Missile Section, Employment 
Department N Name 
Bendix Products Division, 

Bendix Aviation Corporation 


401 North Bendix Drive, 
South Bend, Indiana 


Please send me a copy 
of the book “Your Future 
in Guided Missiles.” 


Address 


City 





State _ 
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electronic 


engineers | | NEW BOOKS 
applied 


p h y SIict st S Servomechanisms and 


wanted to work in basic research and Regulating System Design 
development for commercial and 

military applications. 

You will find 

unusual opportunities 

for rapid RESEARCH - 
advancement 4 Ces. -\ te o> < 
and professional LABORATORIES 

growth as part of a 

team of recognized scientists 

and engineers. 


ENGINEERING ControL. By Har- 
old Chestnut and Robert W. 
Mayer, Volume II, 54x84 in. 384 
pp. Published by John Wiley & 
Sons, Inc., New York. $8.50. 

A step from the first volume to 
the graduate and practicing engineer 
level, this book carries basic problems 
and theories of servomechanisms : 
advanced applications. Much of i 
deals with control problems at Pe 
grass-roots: 30 pages on specifics in 
selecting a power element for a con- 
trolled system; 31 pages on specific 
circuits for obtaining optimum atten- 
uation-frequency characteristics; 37 
on amplifiers; 119 on linearizing non- 
linear elements for small or large de- 
partures; and 44 on applying non- 
linear elements to control systems. 

The opening 36 pages on measure- 


YOU ARE YEARS AHEAD WITH 


MAGNAVOX 


e Advance pulse circuits 
Positions at e Digital system testing 
all levels available © Magnetic core techniques 
for work in: e Data conversion systems 

e Electronic packaging 

e Logical design 

e Semi-conductor circuits 

e Materials research 


; 4 MAGNAVOX RESEARCH LABORATORIES* . 
Ber persend taterviow, 2255 South Carmelina Avenue, Los Angeles 64, Calif ° ment techniques and the subsequent 
53 on the influence of input char- 


. ° ° ° 

A: CALIRON OF THE UASHAVOR CONPANY acteristics on control system design 
provide a fairly gentle introduction 
to the remainder of the book, which 


AUTOMATIC i Se piney, eee is intended to be of practical appli- 
SIMPLYTROL | BBs intended to be of practical appl 


send resume to 


PYROMETER “dobedaack te cation value men with specific 


problems. Shortcuts to measuring 
noise, obtaining frequency response 
ikinanea SS mee ) from transient response to a unit in- 
x ; put signal, and computation of fre- 
quency response from transient re- 
sponse to a bounded input signal are 

some of the practical matters discussed 

in the opening sections. 

niente: Charts and tables in abundance 
of one cycle | for such questions as motor-to-load 
e Temp. range gear ratio for minimum rms motor 
: —55°Cto+ 85°C torque, and the influence of gear 
Cat. No. 4531 0/2500° F © Power supply mesh ratios on motor time constant 

Price $132.00 | 115V, 400 cps, yf ary ' 

single phase are typical. A series of charts on net- 

Thermocouple type Automatic Pyrometer for Serio e Hermetically ] works for obtaining desired attenu- 
controlling temperature in furnaces, ovens, : ren sealed reactor i ation-frequency is followed by eXx- 
pet os loi’ Simplytrol is economical | | ae - ote } amples of their use, along with circuit 
jen - otis aatiae the cai aca pris 4 i. weighs techniques for simplifying analysis. As 
is S.P.D.1. 5 Amps. Optional heovy duty less than 12 oz. | might be expected, the bulk of the 
relays to 40 Amps. The R4OGIOW! can be supplied either | amplifier chapter deals with drift, its 
as illustrated or with a built-in magnetic, causes and cures. Such subjects as the 


3000° F. Several special ranges to —400° F. | SS eS = use of ac tachometers for stabilization, 
“On & Off” control for holding the desired | tifier is supplied for external mounting. jet — control characteristics, back- 
temperature works on gas, oil or electric | This economical and rugged unit is ideal i lash in positional controls with load 
heat. Indicating meter-relay is medium high | for integration with servo systems re- resonance relav servomechanisms 
resistance and has bimetal cold junction com- quiring Mark 7 or 8 motors. Write for ‘ i] ae : i ne ‘ 
pensation. For use with all standard thermo- details. autop! ot i stems, computer systems 
ctie, Asean 2% and the use of nonlinear elements for 

; 9 | changing system performance are dealt 
“Auto-Limit” switch changes Simplytrol from RESEARCH | with thoroughly. 


automatic controller to limit pyrometer for rr". ° 7. i 
& DEVELOPMENT C6 - Inc This work is organized so that 


safety shut down or warning. Cabinet: 61/2x : E 
62x91 inches. Also flush panel mount models. 202 TILLARY STREET many sections may be read _ inde- 
Send for new Bulletin G-7 for more data. | BROOKLYN 1, NEW YORK pendently and in this respect it 

j Tele Ay ; 
Assembly Products, Inc., Chesterland 22, Ohio. phone: Ulster 2 ster 2-6800 — verges on an advanced control engi- 





10 temperature ranges cover from —75° to 
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neering handbook. ‘This is not a 
component catalog, however; it sticks 
to the systems. The authors are Gen- 
eral Electric people in the Aeronau- 
tical and Ordnance Systems Div. 
Chestnut is in the marine systems 
engineering section of that division, 
and Mayer is a consulting engineer 
in the engineering section of the 
Guided Missiles Dept. 


Higgins Reviews Thaler 


ELEMENTS OF SERVOMECHANISM 
Turory. George J. Thaler, U. S. 
Naval Postgraduate School, 6 x 9 
in., 282 pp. Published by McGraw- 
Hill Book Company, Inc., 330 W. 
42d Street, New York 36, N. Y. 
$7.50 

The author remarks in his pre- 
face that “the material in this text 
is intended for a one-semester senior 
undergraduate course’ and that it 
“was written with a threefold pur- 
pose: 

1. It was desired to present the 
basic theory without using operational 
calculus or complex-variable theory, 
since these subjects are not normally 
given in an undergraduate engineer- 
ing program. 

2. The frequency-response methods 
were to be emphasized, since these 
are commonly used in practical en- 
gineering. 

3. The polar and logarithmic ap- 
proaches to analysis and design were 
to be integrated and compared. 

The author feels that these purposes 
have been accomplished. . . .” 

The reviewer is of the same opin- 
ion. 

This text is well-written; style of 
presentation, clarity of expression, 
completeness of statement, and care- 
ful account of interlinking concepts 
are excellent, Each major theoretical 
development is supported by illustra- 
tive numerical examples. Discussion 
of particular systems is reinforced by 
pertinent industrial applications. The 
references, though few, are directly 
pertinent to the corresponding chap- 
ter—in welcome contrast to the long 
list of randomly chosen, noninte- 
grated items that comprise the several- 
paged “‘References” of many technical 
books. 

Sets of exercise problems are in- 
cluded for seven of the twelve chap- 
ters. Assuming that in testing the ma- 
terial the author has worked each of 
these to insure accurate statement, 
that all necessary data are given, and 
that no excess data yielding ambigu- 
ous solution are given (to the review- 
er’s knowledge, these three specifica- 
tions have not been satisfied in most 

Continued on page 128 
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ENGINEERS 


With E.E. or M.E. Degree & Work Background 


in DESIGN - DEVELOPMENTS - RESEARCH on 
Industrial Recording & Control Instruments! 


Today, more than ever before, 
industry needs men who know how 
to interpret the future . . project 
plausible solutions . . and, when the 
time comes, handle them with con- 
fidence and dispatch. We are no 
exception. With 50,000 plants in the 
world spending a half-billion dollars 
annually for industrial instruments, 
we, as the leader in this field for 
more than 60 years, must ALWAYS 
have the right answer ready for 
every situation. 


To keep pace with today’s need and 
ahead of tomorrow’s forseeable de- 
mands in the field of automation, the 
BROWN INSTRUMENT DIVI- 
SION has more than doubled the 
size of its Engineering Department 
since 1942. Further enlargement of 
this department is essential . . the 
science of instrumentation is in its 
infancy. Truly, the opportunities are 
unlimited . . and while our policy is 
to promote from within, our selec- 
tions for advancement are made on 
a merit basis. 


In the BROWN INSTRUMENT 
DIVISION, in Philadelphia, more 
than 400 engineers are engaged in 
design, development and research on 
industrial measuring and control in- 
struments. These men know their 
business, but they can’t carry today’s 
growing work-load. 


They need help—YOUR HELP! 
Can You Help Them... 
Can You Help Us? 


Our requirements: skilled men with 
backgrounds in Physics, Mechanical, 
Industrial and Chemical Engineering 
. with a particular stress on ELEC- 
TRICAL ENGINEERS with E.E. 
Degree and preferably two to four 
years experience in design, develop- 
ment and research projects related to 
our field. 
The Rewards: Recognition, advance- 
ment and pay, based on your ability 
and potential executive capacity. 
Better than average company 
benefits — 


But, Why Not Get All the Facts First-Hand 


. write us a letter about yourself, asking specific questions, or just send the 
coupon below for a copy of: YOUR OPPORTUNITY TO HELP MAKE 
POSSIBLE THE AUTOMATIC FACTORY OF TOMORROW. 


ree, 
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HOW 


SEPTEMBER 6-16, 1955 
=" NAVY PIER, CHICAGO 


\ 


The Automation Exposition— 


EQUIPMENT 
COMPONENTS 

such as: Air and 
hydraulic 
mechanisms. 
Mechanical 
activators. Brakes, 
clutches and other 
drive mechanisms. 
Electrical, air and 
hydraulic motors. 


COMMUNICATIONS 
EQUIPMENT 


such as: 2-way 
radio. Telephone 
and pagin: 
systems. Tele- 
printers and 
facsimile. Indus- 
trial television. 
Special signaling 
equipment. 


INSPECTION AND 
GAGING EQUIPMENT 


such as: 

Air gages. Strain 
gages. Beta ray 
thickness gages. 
X-ray gages. 
Optical gaging 
equipment. 


MONITORING 
EQUIPMENT 


such as: Recording 
and control equip- 
ment. Electronic 
devicés. Switches, 
relays and electrical 
components. 
Counters and 
computers. Mass 
spectrometers. 


HANDLING 
EQUIPMENT 

such as: Conveyors, 
Cranes, Hoists, 
Moncrails, 
Pneumatic tubes. 
Clamping, rotating 
and positioning 
equipment. Loading 
and unloading 
equipment. 


GOVERNING 
EQUIPMENT 


such as: Devices 
for tramp iron 
removal. X-ray, 
fluoroscope and 
photocell devices. 
Limit switches 
and governors. 


SPECIAL PRODUCTION 
EQUIPMENT 


such as: Continuous 
heat treating and dry- 
ing furnaces and 
ovens. Abrasive blast- 
ing and other finishing 
equipment. Engineered 
Paint systems. 
Weighing and propor- 
tioning equipment. 

MACHINE TOOL 

ACCESSORIES 


such as: 
Bearings, Cutting 
tools, coolants. 
Chucks, dies, 
jigs. Lubrication 
systems. Portable 
tools. Power 
transmission 
equipment. 
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An exposition that does something 
about AUTOMATION. In one place 
at one time you can see the practical 
things—mechanisms, instruments, con- 
trols, handling devices, data proces- See the 
sors, hydraulic, electric, mechanical, 
and pneumatic components—that you 


can apply right now to make your pro- practical elements 


duction and processing more automatic. 


There’s no blue sky about this show. f t ti 

It’s been designed for the production Oo au oma 1i0n 
function in industry, leveled at the men 

who must re-engineer production and 


processing lines now to cope with ris- that can be 


ing costs and hot competition. 


There'll be hundreds of exhibits by applied to your 


leading companies. There'll be thou- 
sands of technical experts eager to 


am 
show you how to get more output from d d 
your existing plant facilities. pro uction an 


AUTOMATION is here. Today. The 


. 
things you learn at the Production processing 


Engineering Show can go to work for 
you immediately to cut costs, to im- 


= 
prove production performance. right now! 


You can see the great 
MACHINE TOOL SHOW 
too! 
oe 5 be 54 OP 2) Of O- sf Od.) 
Your registration badge will admit 
you, at no additional fee, to the world- ENGINEERING 


important Machine Tool Show — the 


first since 1947 — at the International SHO 
Amphitheatre, Chicago, concurrent 
with the Production Engineering scala 
ay s 5 : =-R 6-16, 1955 
Show. Don’t miss it! Shuttle buses will > ipa vain 
NAVY PIER, CHICAGO 
run between shows. 


| etme Uelcolsst-tslele le D> defer slalela| 


Tickets: 

To expedite your registration at the Production En- 
gineering Show, write for Rapid Registration Cards to; 
Clapp & Poliak, Inc. 

Exposition Management, Dept. PES-1, 

341 M Avenue, New York 17, N.Y. betew yf 
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... thin, mat-like pressure switches that close 
circuits whenever pressure is applied to any 
point in their area; open circuits when pressure 
is released. Widely used as-“‘area switches” on 
floors and platforms for automatic door open- 
ers, alarm systems, traffic controls etc. Used 
around machinery for foot switches, safety 
stations and emergency cut-outs. Available in 
any size, shape or quantity, for integral, built- 
in parts of mechanisms, devices and systems. 

Operate at pressures from few ounces up, 
on low voltage, directly connected or through 
relays. Hermetically sealed between sheets of 
wear, acid and oil resistant vinyl plastic. 
Standard units, or to your specifications. 
Technical service supplied; just send us your 
switch problems. 


Catalog Sheet CS54 describing Recora Switches 
and control accessories sent upon request. 


*PRCORA Co. 


56 W. 103RD STREET - CHICAGO 28, ILLINOIS 


——NEW « * * 


HYDRAULIC. OPERATION 
| AND CONTROL 
| OF MACHINES 


lan McNeil 


INDISPENSABLE new operating 
handbook and reference source for the 
practicing engineer concerned with hy- 
draulic equipment of all kinds. Or- 
ganizes in easily accessible form es- 
sential information needed in solving 
operation and maintenance problems 
of hydraulically driven machinery. 

Both established methods and im- 
portant new developments are _thor- 
oughly described, and future trends are 
indicated. Merits and relative costs of 
various types of equipment receive full 
attention. 

Covers: hydrostatics; pumps and mo- 
tors; valves and circuits; power-saving 
devices; use of hydraulic equipment in 
machine tools, mining, aeronautics, 
marine engines, agriculture, and lifting 
devices. Offers a wealth of of infor- 
mation on hydraulic packing, fluid me- 
dia, and the maintenance of hydraulic 
plants. 31 plates, 103 figures, 324 pp. 

7.50 
® Send for this book. Save postage 


by —. with order. Book 
returnable if not satisfactory, 








THE RONALD PRESS COMPANY 
15 East 26th St.. New York 10 
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control books), these problems appear 
sufficient in number and broad enough 
in scope. Student assignments can be 
shifted from term to term, and still 
afford review of all points of theory 
discussed in the text. Besides, in pre- 
paring these problems the author has, 
most considerately and_ effectively, 
adopted an admirable means of con- 
serving the student’s time. 

“, .. to minimize the over-all com- 
putation time the author has 
utilized the problems at the end of 
Chapter 3 in setting up later prob- 
lems” so “the student can use the re- 
sults of previous work on each suc- 
ceeding problem, which considerably 
reduces the over-all computation time” 
devoted to mere routine calculation. 

Essential content and approximate 
degree of emphasis is indicated by 
the inclusive page numbers of the 
ten major chapters: Introduction 
(1-12); General Aspects of Analysis 
and Design (13-26); Transient Analy- 
sis of Servomechanisms (27-52); 
Transfer Functions (53-76); Transfer- 
Function Plots (77-97); Analysis of 
Single-Loop Systems (98-124); Meth- 
ods of Meeting Performance Specifi- 
cations (125-133); Gain Adjustment 
of Servomechanisms (134-143); Se- 
ries Compensation of Servomechan- 
isms (144-184); Feedback Compen- 
sation of Servomechanisms (185-216); 
and of two brief, descriptive chapters, 
Introduction to Advanced Topics—on 
Linear Theory and on Nonlinear The- 
ory (217-246). Appendices on Ta- 
bles of Numerical Data (247-250), 
Servo Components (251-262), An 
Introduction to the Laplace Trans- 
formation (263-278), and a detailed 
Index (279-282) round out the book. 

A careful reading of the text, with 
attention to accuracy of theory, 
showed a number of errors. But these 
are such as to puzzle, rather than 
baffle, the reader—hence will work 
no considerable hardship on him. For 
they occur mainly in developments, 
and the end results are actually cor- 
rect: for example, it is incorrect to 
equate the second and third expres- 
sions in equation (4-6), so the remain- 
der of the development is incorrect; 
yet the result in equation (4-10) agrees 
with the corresponding member of the 
correct equation (4-13)! 

The reviewer recommends this text 
to the engineer in industry who de- 
sires, through self-study to gain a 
basic grounding in modern servo- 
mechanism theory. 

Thomas J. Higgins 

Professor of Electrical Engineering 

University of Wisconsin 


transistor & 
digital computer 
techniques 


APPLIED TO THE DESIGN, DEVELOPMENT 
AND APPLICATION OF 


rr 


AUTOMATIC RADAR 
DATA PROCESSING, 
TRANSMISSION AND 
CORRELATION IN LARGE 
GROUND NETWORKS 


Engineers 
& 
Physicists 


Digital computers similar to 
the successful Hughes 
airborne fire control computers are 
being applied by the Ground 
Systems Department to the 
information processing and 
computing functions of 
large ground radar weapons 
control systems. 


The application of digital and tran- 
sistor techniques to the problems of 
large ground radar networks has cre- 
ated new positions at all levels in the 
Ground Systems Department. Engi- 
neers and physicists with experience 
in fields listed, or with exceptional abil- 
ity, are invited to consider joining us. 


TRANSISTOR CIRCUITS 
DIGITAL COMPUTING NETS 
MAGNETIC DRUM AND CORE MEMORY 
LOGICAL DESIGN 
PROGRAM MING 
VERY HIGH POWER MODULATORS 
AND TRANSMITTERS 
INPUT AND OUTPUT DEVICES 


SPECIAL DISPLAYS 
MICROWAVE CIRCUITS 





Scientific and Engineering Staff 





HUGHES 
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EVELOPMENT 
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Culver City, Los Angeles County, California 








| WHAT'S AHEAD: MEETINGS 


MAY 


American Institute of Electrical En- 
gineers, National Telemetering Con- 
ference, Chicago, III. May 18-20 


JUNE 


Human Engineering Institute, Course 
in Human Engineering, Dunlap 
and Associates, Inc., Stamford, 
Conn. June 6-10 

Society of Automotive Engineers, 
Golden Anniversary Summer Meet- 
ing, Atlantic City, N. J. 

June 12-17 

American Institute of Electrical En- 
gineers and American Physical So- 
ciety, First Technical Conference 
and Exhibit on Magnetism, Wil- 
liam Penn Hotel, Pittsburgh, Pa. 

June 14-16 

American Society of Mechanical En- 
gineers, Combustion Conference, 
IRD Session on Control of Indus- 
trial Furnaces, Massachusetts In- 
stitute of Technology, Cambridge, 
Mass. June 15-17 

American Society of Mechanical En- 
gineers, Diamond Jubilee Semi-An- 
nual Meeting, IRD Session on 
Thermodynamics, Hotel Statler, 
Boston, Mass. June 19-23 

American Institute of Electrical En- 
gineers, Summer General Meeting, 
New Ocean House, Swampscott, 
Mass. June 27-July 1 


AUGUST 


American Institute of Electrical En- 
gineers, Pacific General Meeting, 
Butte, Mont. Aug. 15-19 

Stanford Research Institute and Na- 
tional Industrial Conference Board, 
Symposium on Electronics and Au- 
tomatic Production, Civic Auditor- 
ium, San Francisco, Calif. 

Aug. 22-23 

Western Electronics Show and Con- 
vention, San Francisco Civic Au- 
ditorium, San Francisco, Calif. 

Aug. 24-26 


SEPTEMBER 


Production Engineering Show and 
Machine Tool Show, Navy Pier and 
International Amphitheater, Chi- 
cago, IIl. Sept. 6-17 

Instrument Society of America, 10th 
Annual Conference and Exhibit, 
Shrine Exposition Hall and Audi- 
torium, Los Angeles, Calif. 

Sept. 12-16 














BELL AIRCRAFT CORP. 
has 
Immediate Openings 


for 
SERVOMECHANISMS 
and 
ELECTRONICS ENGINEERS 


... to meet the challenge of designing and 
developing automatic control systems for 
guided missiles. Our progress in Inertial 
Guidance requires Experienced Engineers. 


ELECTRONIC DEVELOPMENT ENGINEERS — Design and 
develop electronic components for use in inertial guidance — pre- 
cise integrators, accelerometers, computers, feedback amplifiers, 
instrument servos, etc. 


MAGNETIC AMPLIFIER SPECIALIST*® — Develop magnetic 
amplifier for specific purposes in inertial guidance. 


TRANSISTOR APPLICATION ENGINEER* — Applications in 
development of special circuits for high performance components. 


DIGITAL COMPUTER DEVELOPMENT ENGINEER*® — Appli- 
cation of techniques to improve performance of accelerometers, 
integrators and other computing elements. 


*These positions will be similar to the 
Electronic Development Engineer with 
specific duties as indicated. 


SERVO SYSTEM ENGINEER — Analyze, design and develop 
complete systems for inertial guidance, with the help of a team of 
specialists. 


SERVO VALVE DEVELOPMENT ENGINEERS — Design and 
develop high performance servo valves for autopilots in special 
aircraft, helicopters, and missiles. 





Send Complete Resume to: 
Manager, Engineering Personnel 





D 
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WC? CORPORATION 

















Post Office Box 1 Buffalo 5, N. Y. 
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Precision 
Une - 


Potentiometers 


“Lo-TORK” POT 


For minimum-torque uses in com- 
puter, servo, and_ selsyn service. 
Stainless-steei precision ball bearings. 
Minimum torque is 0.01 inch-ounce. 
Dissipates one watt at 80°C. Resist- 
ances — 100 to 100,000 ohms. Weight 
is only % ounce. Ganging to six 
decks; internal clamps hold %” 
diameter. Standard linearity 0.5%; on 
special order 0.25%; toroidal wind- 
ing allows winding angles to 360°; 
standard 354°. 


AP 1-1/8 


AP 1/2 RI/RTS 7/8 


MICRO-MINIATURE and MINIATURE 
Series AP /z2—2 watts continuous 
at 80°C; resistances 10 to 20,000 
ohms, 5% tolerance standard; diam- 
eter 2”, depth %”, weight 4 ounce; 
sealed well enough for potting. 
Series RT/RTS % —3 watts continu- 
ous at 80°C; resistances 10 to 100,000 
ohms; diameter %”, depth %”, 
weight 2 0oz.; standard linearity 3%. 
Series AP 1% —4 watts continuous 
at 80°C; resistances 10 to 150,000 
ohms; diameter 1%”, depth 2”, wt. 
less than % oz.; standard linearity 2%. 

All precision-machined, with 
anodized aluminum bodies, _line- 
reamed phosphor bronze bearings, 
centerless-ground stainless steel shafts, 
and gold-plated fork terminals. Fully 
sealed and fungus-proofed. Can be 
processed, on special order for use 
at 125°C. Aerohm potentiometers are 
individually checked for quality and 
performance. 








Write today for de- 
tailed information 
and prices 











WATERS MANUFACTURING, inc. 
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whatever en 
your 
publication needs... | 


Equipment Manuals — Product Cata- | 
logs — Handbooks — Training Aids — | 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations — — — and any type of 
technical literature 


use our speciglists in ——— 
WRITING ..;.. EDITING 
ILLUSTRATING .... PRINTING 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 





Are You A 
Controlinguist? 


REGUARDA LE SOL. “Le sol 
supersemina le terra con mille vices 
plus energia que le homines pote usar. 
. . ste energia solar se offere libere- 
mente a quicunque vole prender lo. 
Sed prender lo es difficilissime.”’ 

If you are able to read technical 
material in any major European lan- 
guage you should understand the 
above. At least that’s what Stanford 
Research Institute says about “Inter- 
lingua”, the language it’s written in. 
However, for the unequipped, the 
translation is: 


LOOK TO THE SUN. “The sun 
showers the earth with thousands of 
times more energy than man uses... . 
This energy is free for the taking; 
but the taking is extremely difficult.” 

This vivid bit is the opener in a 
special eight-page issue of the Insti- 
tute’s news bulletin, all written in the 
international technical jargon. The 
bulletin, first general periodical to ex- 
periment with Interlingua, features an 
article on industrial applications of 
solar energy and news of the forthcom- 
ing World Symposium on Applied 
Solar Energy that will be held next fall 
in Phoenix. 


GAP/R 


Operational Amplifier 


1IGOW 


his universal building- 

block is unrivalled for 
Analog Computing. Our 
price of twenty dollars is the 
result of volume production. 
Features balanced inputs, 
wide band, high gain, plus 
maximum efficiency. 

\ A atccms cela tleae lattacmney: 
companion plug-ins for DC 
stabilization, and for ex- 
tended ranges of voltage and 
power. 


Immediate shipment, 
postpaid in U.S.A. 


George A. Philbrick Researches, Inc 


Congress Street, Boston 10, Massachusetts 








The Classified Advertising Section of CONTROL encineerinc 


EMPLOYMENT: 
BUSINESS: 


UNDISPLAYED 


$1.50 per line, minimum 8 lines. To figure advance payment count 
5 average words as a line. 


—RATES— 


“OPPORTUNITIES” 


‘EQUIPMENT 
:USED OR RESALE 


DISPLAYED 


The advertising rate is $14.00 per inch for all atoeeins copeasins 
on other than a contract basis. Contract rates quoted on 





UNUSUAL CREATIVE FREEDOM 


+ BEN, 


@ The center of advanced 
development activities for the 
Bendix Aviation Corporation 
offering excellent opportunities 
in design, ‘research and devel- 
opment. 


SYSTEMS ENGINEERS 

To coordinate and supervise a 
group of engineers and mathemati- 
cians in systems analysis and design. 


MATHEMATICIANS 

Evaluation of servo control and 
guidance systems and components of 
a system Analysis of systems and 
applications. 
MACHINE DESIGNERS 

Design of automatic machine tools, 


machine tool hydraulic servos, and 
digitally controlled tools. 


CONTROLS ENGINEERS 
Analyse and synthesize control 


system and design, develop and 
package such systems. 


AVIATION RESEARCH 
LABORATORIES DIV. 


COMPUTER ENGINEERS 
Development of special purpose 

digital and analog computers for 

process and business applications. 


MICROWAVE SPECIALISTS 
Research and development in ad- 
vanced microwave techniques. 


MECHANICAL ENGINEERS 

Develop mechanical and hydraulic 
components for servo controls. Sys- 
tems engineering and dynamic analy- 
sis of numerically controlled machine 
tools. 


© Stoff will participate in the initial 
exploration of new fields and the 
development of new commercial 


All replies confidential — 
send brief resume to: 
DIRECTOR OF PERSONNEL 
BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES DIVISION 
4855 Fourth Avenue ¢ Detroit 1, Mich. 





ENGINEERS~~ 


A DEPARTMENT STORE 
FOR YOUR 
ELECTRONIC SUPPLIES 


WE‘RE SELLING YOU RELAYS — ~ 
WHAT ARE YOUR OTHER NEEDS? © 
Our normal Inventory Includes Over ° 
80,000 Different Items in the Electronic, © 

Radar and Radio Fields j 


ALLIED @ LEACH @ TELEPHONE TYPE 
MINIATURE AIRCRAFT @ GUARDIAN 
SIGMA @ HERMETICALLY SEALED 


ond many others 


STEPPING 
SWITCHES 


SEND FOR OUR LATEST BULLETINS | 
AND ADD YOUR NAME 
TO OUR MAILING LIST 
cable address: UNIGENCOR, N. Y. 


a. epee . >> 
~, 








Creative 


Opportunities 
with 
Republic Aviation 


“4 


SFE PURmL@ee AVIATION 
FARMINGDALE, LONG ISLAND, NEW YORK 


Vibration Engineer 

Two to five years aircraft vibration experience 
required. Shock and vibration theory and a prac- 
tical knowledge of electromechanical shaker ap- 
plication as used in experimental research testing 
of complete airframes for flutter analyses and 
component investigation essential. Familiarity with 
usage of accessory electronic instrumentation 
equpiment desired. Graduate with MLE. or AE. 
degree preferred. 


Please address complete resume, outlining 
details of your technical background, to: 
Assistant Chief Engineer 

Administration 

Mr. R. L. Bortner 











neural gene ral corp. 





ELECTRONICS 
PHYSICIST 


Ph.D. or equivalent to head elec- 
tronics studies, instrumentation, 
and related fields. 


Sinclair Research Laboratories, Inc. 
400 East Sibley Boulevard 
Harvey, Illinois 

















REPLIES (Bow No.): Address to office nearest you 
NEW YORK: 330 W. 42nd 8t. (36) 
CHICAGO DY Michigan Ave. (11) 
SAN FRANCISCO: 68 Post 8t. (4) 
LOS ANGELES: 1111 Wilshire Blvd. (17) 








POSITION WANTED 


Sales Engineer 29 BSEE aggressive, desires 
opportunity sales management. 7 years sales, 
and application engineering in aircraft, met- 
als and electrical field. Write PW-6468, 
Control Engineering. 
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ENGINEERS 


LONG-RANGE, 
CONTINUING 
OPPORTUNITY 
FOR 
ELECTRICAL 
AND 
MECHANICAL 


OPENINGS EXIST FOR 
COMPUTER ENGINEER 


Requiring an engineering degree in 
electrical engineering or math and 
physics, plus a minimum of three years 
of computer activity. To handle pro- 
gramming in the simulation and study 
of jet and reciprocating engine fuel sys- 
tems. Problems involved would be lin- 
ear and non-linear in nature and ap- 
plied to product design as well as 
research into basic phenomena. No 
maintenance ability necessary. 


MAGNETIC AMPLIFIER 
SYSTEMS ENGINEER 


Electrical engineer supervisory capacity 
on research and development of mag- 
netic amplifier circuitry, control systems, 
and comp t desi and testing, su- 
pervising other engineers and techni- 
cians 


LIQUID PROPELLANT 
ROCKET CONTROLS 
ENGINEER 


Mechanical or electrical engineer to 
supervise the research and develop- 
ment of liquid propellant rocket con- 
trols, systems design, comp t desig 


development, and testing. 








The salary of these positions 
will be determined by your 
ability and experience. 


Send detailed resume listing education, 
engineering experience, and salary re- 
quirements to: 
Technical Employment Department 
Box 255-CE 
Bendix Products Division of 
Bendix Aviation Corporation 
401 North Bendix Drive 
South Bend 20, Indiana 


We guarantee you 
an immediate reply. 


| 


IENGINEERS| 





UNIVERSITY of MICHIGAN 


ENGINEERS and 
SCIENTISTS 


Unusual opportunities for out- 
standing and experienced men are 
available at the University of 
Michigan's Willow Run Research 
Center. Research Engineers and 
Physicists with advanced degrees 
and/or experience in the fields of: 


DIGITAL COMPUTER LOGICAL DE- 
SIGN @ INFRARED @ ACOUSTICS @ 
DIGITAL COMPUTER PROGRAMMING 
ELECTROMAGNETIC THEORY @ COM- 
MUNICATIONS CIRCUIT DESIGN @ 
COMPONENT DEVELOPMENT e 
RADAR @ OPTICS ENGINEERING @ 
SYSTEMS DESIGN 


Salary commensurate with training and 
experience. Excellent working condi- 
tions. Liberal vacation policy along 
with other fringe benefits. Unusual 
opportunity to carry on University 
graduate studies while working full 
time. Moving expenses paid. U. S. 
Citizenship required. 


Write, giving details of education 
and experience, to 


W. N. MacDonald, Personnel Office 
University of Michigan 


Willow Run Research Center, 
Ypsilanti, Michigan 


JUNE IS 
BUSTING OUT 
ALL OVER... 


And Opportunities are busting 
out all over, too, 
at the 
NEW EXPANDING 
ELECTRONIC TUBE DIVISION OF 


Westinghouse 


in Elmira, N. Y. 


+ Opportunities to advance in your pro- 
fession . . . to receive recognition for your 
creative talents ... to have a secure 
financial future . .. and a pleasant life 
in this vacation-land community. 

Openings for 
ELECTRICAL ENGRS., for Equipment Design: 
Designing, costing & guiding construction of proc- 
essing and testing equipment, e.g. atmosphere fur- 
naces, electrical welders, induction heaters, X-ray 
seasoning & test units, wave-guide apparatus, tran- 
sitor life test units 

Interviews in your area, or travel expenses 

paid for interviews in Elmira. Send resume: 


WESTINGHOUSE ELECTRIC CORP. 
Electronic Tube Div., Elmira, N. Y. 














Engineers and Physicists 
M.S.or Ph.D 


Senior engineers and physicists with excellent 
peuetice in fundamentals of both analytical and 
aboratory research and development are needed for 
new activities in ters, automatic controls, and 
electromechanical design. 


Men with versatility and leadership ability will be 
offered the opportunity to develop research programs 
along the lines of their own experience and interest 
within the wide scope of activities possible in an in- 
dependent organization. 


Write 





S. J. Keane, Physics Department 
Southwest Research Institute 
8500 Culebra Road San Antonio, Texas 








ENGINEERS 


Electronic and 
Electro-Mechanical Design 


BSEE with at least two years specialized 
experience. Essential qualifications are 
abilities and experience in 
and/or electro hanical systems engi- 
neering with emphasis on amplifiers, 
electronic controls and hydraulic systems. 
Salary commensurate with experience. 
Top-notch employee benefits. Location San 
Francisco Peninsula. 


DALMO VICTOR COMPANY 
1414 El Camino Real, San Carlos, Cal. 


electronic 





SALES 
ENGINEERS 


We have openings for 
Sales Engineers 

in Detroit, Cleveland, and 
New York 


We manufacture 

industrial instruments 

and have a complete line of 
Mechanical and Electronic 
Recorder & 

Recorder Controllers 


Our resources are 

second largest in the 
industrial instrument field 
and Management is desirous 
of expanding sales. 

Excellent opportunities 

for graduates in 

Electrical, Mechanical and 
Chemical Engineering 


P-6485, Control Engineering 
330 W. 42nd St., New York 36, N. Y. 

















. ° 
Representatives Available 
in the control and allied fields 
A company of engineers with long experience in 
the automatic control field wishes to represent on 
the west coast a few more new sales and engineer- 
ing accounts from eastern and middle west com- 

panies. Office in Los Angeles, 
RA-6472, Control Engineering F 
1111 Wilshire Blvd. Los Angeles, Calif. 








ATTENTION ... 
EMPLOYMENT ADVERTISERS 


Effective with the July issue, a new section 
will start in Control Engineering. We will head 
this section: EMPLOYMENT OPPORTUNITIES. 
All Displayed Employment Opportunity ad- 
vertising will be placed in this new section, 
with the exception of those advertisers who 
contract for run-of-book position. Advertis- 
ing in the EMPLOYMENT OPPORTUNITIES sec- 
tion will be billed at the new rates which go 
into effect with the July issue on all Displayed 
Employment advertising. Contract rates 
furnished on request. Ads are subject to 
Agency Commission. 

July issue closing: June 3rd 
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CONTROL TRANSMITTER 








Instrumentation 
_ laboratory 


RESEARCH 


ENG/NEERS / 


INERTIAL GUIDANCE ano WEAPONS FIRE CONTROL 


e SYSTEMS 
e COMPONENTS 


id 
Graduate Courses “ile 

MARTIN PHILLIPS 
MAY BE TAKEN FOR ACADEMIC CREDIT 





WHILE EARNING FULL PAY MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
INSTRUMENTATION LABORATORY 


68 Albany Street CAMBRIDGE 39, MASS. 


DESIGNERS-DRAFTSMEN 


Electronic Mechanical 





The APPLIED PHYSICS LABORATORY 
of THE JOHNS HOPKINS UNIVERSITY 
offers an exceptional opportunity for 
professional advancement in a well- 
established Laboratory with a reputa- 
tion for the encouragement of individ- 
ual responsibility and self-direction. Melpar has just opened its new plant at Falls 
Church, Virginia, in a beautiful suburban 
location. We have also moved to larger 
quarters at Watertown, Mass., and opened 
a new research department at Cambridge, 
Mass. 


Melpar’s continued expansion offers new 
career opportunities for individual growth 
and recognition. Men of vision and imagina- 
tion who plan for the future are quick to 
sense the potential with this growing, 
dynamic organization. 


Our program of 


GUIDED MISSILE 
RESEARCH and DEVELOPMENT 


provides such an opportunity for men 
qualified for: 





Electronic Circuit Design and Analysis of 
Control, Guidance, and Homing Systems 





Development and Application of Transistor 


elop Continued leadership in electronic research 
Circuitry 


and development is reflected in our current 
group of projects with long-range military 
and industrial application. 


Research and Analysis in Aerodynamic 
Stability and Control 

Network Theory @ Radar & 
Systems Countermeasures 
Evaluation ®@ Packaging Elec- 
Automation tronic Equipment 
Microwave Pulse Circuitry For personal interview send resume to 
Technique Microwave Techni 
UHF, VHF or Filters 


con eet Flight 

nalog Simulators | i 
Computers Servomechanisms me par, mc. 
Digital Subminiaturiza- Subsidiary of Westingh Air Broke Co. 
Computers tion 


APPLIED PHYSICS LABORATORY Handling - Mechanical Ht oe —— 
Sead t Desi Falls Church, Virginia 


® Quality Control & Test Engineers or 11 Galen St., Watertown, Mass. 
8621 Georgia Avenue 


Silver Spring, Maryland 


Electronic Equipment Packaging 
Instrument Design 

Missile Systems Development 
Flight Test Conduction 





| Personnel Rep ive, 


Please send your resume to 


©320000006066060666666666666668666666666686 


Professional Staff Appointments 
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aud COST @ prosiem 





Typical production line application of TIC’s 
“P"’ series potentiometers is shown at the 
plant of Massa Laboratories, Hingham, 
Mass. These units have enabled Massa 
Laboratories to economically achieve and 


F | hold the critically accurate gain control 
IT S S ‘\a p SERIES calibration and wide band frequency 
™ response required in their Model M-185 

‘ 60db Laboratory Amplifier widely used in 

high intensity sound and vibration research. 

PRECISION POTENTIOMETERS Production savings arise from the low first 
cost and from economy of assembly brought 
about by the precision linearity of these 
potentiometers which permits use of pre- 


engraved attenuator dials without elab- 
orate circuit padding or adjustment. 





New, low-cost P-series preci- 

sion potentiometers meet ' The P-Series potentiometers are 
available in three sizes: 3-inch 
(P-3) ... 1%-inch (P1%)... 
and 1% (P1%). Resistance 
ranges are from 100 ohms to 
instrumentation. - — _ . a 200,000 ohms. Threaded bush- 


» ’ ing . . . tapped hole . . . or 
Precision features developed i ‘ ®, precision pilot mounts are 


growing demand for eco- 
nomical precision potentiom- 
eters in commercial 


for stringent military applica- . SS available. Single or ganged 
tions have been retained in 4 assemblies as required. 


the new, low-cost P-Series. 


Unique, dual, precious metal wiper resistance — element design permits 
provides low-noise operation greater variety of nonlinear functions. 
long-life . . . and low torque. Preci- 
sion-bored, phosphor-bronze sleeve 
bearing further reduces torque. 
Moulded bakelite housing minimizes tremes of temperature . . . minimized 


distributed capacitance providing distributed capacitance provides 


Low temperature coefficient of resist- 


ance wire produces stability in ex- 


wide frequency response. Patented* stability in extremes of humidity. 


For complete specifications write for FREE brochure No. P-103. 


~ TECHNOLOGY INSTRUMENT CORP 


523 MAIN ST., ACTON, MASS. COlonial 3-7711 
West Coast Mail Address P.O. Box 3941 North Hollywood, Calif. POplar 5-8620 


Face up to AUTOMATION 


let’s take a few minutes to remove any mental block pre- 


venting you from a basic appreciation of the new concepts of data reduction and 


automation. Already you achieve an unbelievable amount of data processing in your 


own personal life: you combine information concerning your income, your required 


expenditures, the age and physical state of your car, your wife’s feelings about style 


... and you process these data mentally to conclude that you will or will not buy a 


new car. The answer is not straight-forward, but it has its logic. 


Similarly, data handling systems and data reduc- 
tion systems supply automatically a humanly-deter- 
mined logic to various pieces of information, and 
arrive at the compact answer which you—the process 
or manufacturing supervisor—feel is most important. 
You used to look at the information given by a 
heterogeneous collection of instruments measuring 
temperature, pressure, flow rates, tank levels, et 
cetera, and mentally decide whether or not the 
process was performing up to par: generally no one 
temperature or pressure or tank level was sufficient 
information. Nowadays, data handling systems can 
automatically “look’’ at these process variables for 
you, interpret them, and tell you direct/y whether or 
not the process is up to par—and if it isn't, the data 
handling systems can usually be made to tell you very 
specifically what to do to correct the inefficiencies. 


You supply the logic 


All that the data handling systems are doing, 
therefore, is automatically and consistently applying 
your logic to the available information from process 
or manufacturing operation to give you unhestitat- 
ingly—and directly—the specific answer you demand. 

So much for data handling, data processing, or 
data reduction. Let's see if we can determine where 
the automation comes in. 

Normally speaking, once you have analyzed the 
state of the process—either by evaluating the vari- 
ables humanly, or by relying on an automatic data 
handling system—you must decide whether correc- 
tive action is necessary or whether the process is 
going along satisfactorily. If you do apply corrective 
action—you do so according to a logic which you 
have determined by experience. Both the decision to 
apply corrective action and the specific correction 
applied are logically arrived at. 

Here's where automation can enter the picture. 
If you set up a system of automatic devices—a com- 


puter, more or less—to carry out the /ogic of ‘‘deci- 
sion making” and ‘‘correction initiating,” you have 
an automated process. 

Realize that systems of data reduction or of auto- 
mation are based on cold logic—there is no magic 
about them. Yow have to establish the logic, further- 
more, before such systems can be effected. The sys- 
tems merely save you the time and effort of repeating 
the logical reasoning and physical corrective action 
over and over again. 


When do these systems become feasible? 

Many such systems have been operating for years 
in certain fields of research, process operation, and 
factory production. When any information collect- 
ing and logical processing become repetitive—and 
when logical decisions and actions also become repeti- 
tive—data reduction and automation systems are 
generally possible. A thorough analysis of time and 
effort saved—of increased efficiency—will reveal the 
economic feasibility of such systems. 


Who can help you know when such systems 
are suited to your operation? 


The Data Reduction and Automation Division of 
Fischer & Porter Company has engineers whose sys- 
tems experience dates back to 1941. The practical 
know-how of these men has been recently demon- 
strated in the manufacture of the F&P Automatic 
Logger, the F&P Multiple Pressure Readout System, 
the several types of F&P Digi-Coder analog-to-digital 
converters, and other ready-made packaged systems 
suited to immediate installation in many processing 
or manufacturing plants. These men can help you 
analyze your specific needs. 

So if you would like to talk facts and figures on 
data reduction and automation systems for your par- 
ticular operation, write or call the nearest F&P 
office now. 


Fischer & Porter Company, Hatboro, Pa. 


765 County Line Road 


fe PR} complete process instrumentation 
SALES OFFICES IN 32 AMERICAN CITIES AND IN PRINCIPAL CITIES ABROAD 





